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ABSTRACT: Sequential substitution/ring cleavage/addition tieac of 1-(cyclohex-1-enyl)-
piperidine and -pyrrolidine with chloropyruvatesshaeen accomplished for the synthesis of various
polysubstituted 4,5,6,7-tetrahydroindoles. This -poge general and highly regioselective method
avoids harsh conditions and expensive catalyststoiteeds with high atom-efficiency and shows a
broad substrate scope and functional group toleramaking it a highly practical approach for the
preparation of various tetrahydroindole derivativgamily of 17 tetrahydroindoles was synthesized
in good yields, which is indicative of the geneshbracter of this reaction. Ten of the tetrahydfola
derivatives with various substituents were succdlgsfransformed into the corresponding indoles.
This methodology allows access to indoles beanmpalo- (mostly chloro-)butyl and pentyl
substituents at the nitrogen atom (by variatiormdmines) and at the C2, C3 positions (by variation
of pyruvates, including bromoaryl and chloroalkykridatives). The reaction can be used in
conjunction with enamine synthesis offering a pcatt three-component heteroannulation
methodology to produce 4,5,6,7-tetrahydroindolesomfr cyclohexanone, pyrrolidine and

arylchloropyruvates.
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INTRODUCTION

Recent studies on the chemistry of indole derieatirave focused on the development of efficient and
convenient methods for the synthesis of naturadgects and their analogues possessing potent
biological and physiological activitiésOne of the urgent directions in this field is treation of new
pathways leading to substances possessing the Z4iBtfahydro-H-indole scaffold. This structural
motif is present in two members (TuberostemonirieniBe) of theStemonaalkaloid family’ and in

two members (Lysergic acid, Isolysergic acid) af &rgot alkaloid family.Besides, tetrahydroindole
derivatives display a wide spectrum of biologicatiaties: anti-implantation, hypoglycemic, anti-
inflammatory, and analgesfqotent neuroleptic(e.g., molindone); and antitumdf.etrahydroindoles
are also valuable intermediates in the synthesimafral alkaloidSsuch as goniomitine, arcyriacyanin
A, 6,7-secoagroclavine, and chuangxinmycin, as asll synthetic dru§s(pindolol) and highly
functionalized indole$. The great majority of procedures employed in awesibn of bothN-
substituted andN-unnsubstituted tetrahydroindoles are based on lwoatalyzed cyclization
strategies’ However, the synthesis of highly functionalizedrpies remains challenging and often
requires multiple steps or harsh reaction conditidthere the course of our ongoing research toward
the synthesis of heterocycles via Darzens condensatoducts;* we describe a novel approach to the
synthesis of 2,3-fused pyrroles, mainly 1,2,3-stlistd 4,5,6,7-tetrahydroH:-indole derivatives, via
the sequential substitution/ring cleavage/additieaction of commercially available 1-(cyclohex-1-
enyl)-piperidines and 1-(cyclohex-1-enyl)-pyrrohdi with arylchloropyruvates, which are readily
derived from methyl dichloroacetate and correspogdidehydes under Darzens condensation (eq 1).
We further extend this methodology to the formatwdrsubstituted indoles from 4,5,6,7-tetrahydro-
1H-indoles.

On the basis of the new ring formation in the reast of 1-cyclohexenylpyrrolidind with
arylchloropyruvate we have recently developed a highly efficient and-step versatile method for
the synthesis of 4,5,6,7-tetrahydro-2-phenyHhdole derivatives 3 bearing a 1-chlorobutyl
substituent at the nitrogen atdfnlt is based on cascade conversions involvingafe)ntramolecular
nucleophilic substitution of thex8 type with the formation of an epoxide ring anidnéation of CI,

(b) the opening of the pyrrolidine ring iA on exposure to Gl (c) imino-enamine tautomerism
B==C, (d) the opening of the epoxide ring with a conttant formation of the new pyrrole rin®,
and (e) the elimination of water leading to thenfation of tetrahydroindole derivativ8gScheme 1),
previously reported by U$.According to this procedure, we obtained 1-(4-obtoityl)-2-(4-aryl)-3-
methoxycarbonyl-4,5,6,7-tetrahydroindol@s § examples) in 72-90% vyields (Scheme 1).
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Scheme 1. Our previous work.

RESULTSAND DISCUSSION

We have suggested that this procedure could beeapil the synthesis ®-alkyltetrahydroindole®
(Table 1) and functionalized indold® (Table 2). With this idea in mind, in order to mdiéy the
optimal reaction conditions 1-cyclohexenylpiperglia and methyl phenylchloropyruvaa were
chosen as the test substrates and parametersimgchh@ solvent, temperature, and molar ratio ef th
reagent and substrate were examined in detail. Antbe solvents investigated which included
ethanol, acetonitrile, dichloromethane, and dioxame best result in terms of yield was obtainethwi
dioxane. The reaction was also tried at differemtgeratures. At room temperature, the reaction of 1
cyclohexenylpiperidinda and methyl phenylchloropyruvaa, depending on the reaction time gave
a corresponding 4,5,6,7-tetrahydroindole derivatbae piperidinium chloride6éa and unchanged
starting substrates as a mixture. When the ratsubstrates differs than 1:1, the yield of piperilin
chloride6a as a by product increased. Surprisingly, raisirgtemperature led to the formation of the
4,5,6,7-tetrahydroindole derivativea, almost as a sole product in a 64% yield. Howewetrace
amount of piperidinium chloridéa was also obtained. The formation @&, might occur through a
piperidinium intermediate type &, as a result of hydrolysis with the formation gbgridine and its
hydro chlorination. The highest yield (98%) of puot5a was obtained at reflux temperature with the
ratio of substrates 1:1 for 2 h.



The scope of this protocol was then investigatedeumptimized reaction conditions. Substituted
3-arylhalogenopyruvate®a-j were subjected to the reaction with 1-(cycloheariA)-piperidineda
under metal-free conditions in dioxane under reftexditions (Table 1). In the cases of substrates
with halogen atoms in the aryl groupthe yields of the desired products depend on dts#ipns of
atoms in the Periodic Table. The higher the pasitbthe atom in the group, the higher the yielfls o
4,5,6,7-tetrahydroindole derivativésand vice-versa, the lower the position of the atorthe group,
the lower the yields of compoun8s The substrate with an electron-donating grouptéedecreased
reaction rates (entry 11). This can be rationalizgdonsidering the fact that these groups decrinese
positive charge at the C-3 carbon atom bearingleriole atom. The presence of stronger electron-
donating groups led to even longer reaction tilesontrast, an electron-withdrawing group (entries
7,8,9,10) accelerated the reaction. The reactionscepd successfully wiht both 1-{dr-
butylcyclohex-1-enyl)-piperidine (entry 9) as anasmne component and methyl 3-bromo-2-oxo-3-
phenylpropanoate as a ketone component (entryThi§.affords the corresponding products in good
yields (Table 1). On the whole, substrates withetgctron-withdrawing functional group formed
better yields (Table 1, entries 7,8,9,10) thanelleetron-donating ones (Table 2, entries 5,11).

Tablel
Synthesis of methyl 1-(5-halopentyl)-2-aryl-4,5:8¢trahydroindole-3-carboxylat&s

OR?
Hal (6] R!

dioxane A
R3S —— | R®

H & reflux, 2 h N

\ a
(% Hal
6a,b 4a,b 2a-h,j,k,m 5a-m

Entry |2 R? R® |Hal |4 |R" |R® P_rOdUCtS >0
yields, %

1 2a CeHs CH; | CI 4a H 0.53 | 5a:6a 95:1

2 2b CeH4Cl-4 CHs Cl 4a H 0.51 5b:6a 75:12

3 2c CeH4Br-4 CH | CI 4a H 0.73 | 5c:6a 71:20

4 2d CsHyF-4 ChHs Cl 4a H 0.59 5d:6a 68:12

5 2e CeHal-4 CH; Cl 4a H 0.59 5€:6a 63:22

6 2f CeH4Br-3 CH; | CI 4a H 0.53 | 5f:6a 76:18

7 29 CsHsNO2-4 | CHs Cl 4a H 0.46 5g:6a 76:14

8 2h CsHsNO2-3 | CHs Cl 4a H 0.48 5h:6a 80:15




9 2d CeHsF-4 Ck | ClI 4b t-Bu | 0.53 |5i:6a 82:11
10 2 CeHaF-4 GHs | Br 4a H 0.61 | 5:6b 78:12
11 2k CeH13 CH; | Cl 4a H 0.60 | 5k:6a 68:14
12 2a CeHs CH; | Cl 4b t-Bu | 0.60 |5l:6a 79:15
13 2m | CgHs CHs | Br 4a H 0.50 | 5m:6b 66:22

%eluent 1:2=EtOAc:hexane

The mechanism of the formation of tetrhydroindo&rivhtives5 in these reactions is clearly,
similar to the mechanism of the formation of 4B;&trahydroindoles3 in the reactions of 1-(1-
pyrrolidino)cyclohexand with arylchloropyruvateg.

As can be seen from the data shown in the tabéeyild of the desired products for the most
cases do not exceed 80% regardless of the natuhe substituent in the phenyl ring of the pyruvate
derivative. To clear up the reasons above, in frases, namely in the cases of the reactions of
pyruvates2a,g and enaminela, we have carefully analyzed the reaction mixtund found that in
addition to the main productsa,g and the hydrochloride of piperidinga, 2-aryl-1-(piperidin-1-

yhethanone§a,b were formed as by-products.

Although the mechanism of the formation of the pidd 7a,b is but not as yet fully clear, we
assume that under the reaction conditions thereocanr side reactions involving single-electron

transfer, and the formation of the produtitsan be presented as follows.
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Scheme 2. Plausible mechanism of the formation of 2-aryl-ipépidin-1-yl)ethanoneg.

The analysis of reaction mixtures shows that thpeeted products of the Stork reaction, i.e.
methyl 3-aryl-2-ox0-3-(2-oxocyclohexyl)propanoatés or possible products of their further
transformation — methyl 3-aryl-4,5,6,7-tetrahydnobafuran-2-carboxylate3— are not formed.
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The structures of all compounds were establisheaminguously by various 1D/2D NMR
correlation method¥’ For example, fobk first the proton spin systems of indole (Ind), stithents at
N; and G fragments were revealed from 1D TOCSY experimésts Then, a whole structure of
these moieties were established by combinatiotHeFC HSQC/HMBC correlations. Finally these
structural fragments were “bonded” in a single whahccording to'H-C/H-N HMBC

connectivities (Figure 1). In addition, a numbeNSDEs strongly supports these structural hypotheses
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Figure 1. *H NMR spectra, structure dk with principal NMR correlations*d-**C and *H->N
HMBC - black arrow, NOEs - blue arrow).

Assuming that enamine&,b can be generated from the corresponding cyclolmederivative
and piperidine, we tried to synthesize 4,5,6,7atetdroindoles5 in a three-component system
“piperidine — cyclohexanone — arylchloropyruvate” boiling dioxane. Regardless of the order of

mixing the reagents and temperature conditiondhefreaction, the desired products have not been



obtained, apparently due to a set of competinggases. However, the replacement of piperidine on
pyrrolidine in the three-component system draméyiedfects the result. The 4,5,6,7-tetrahydroiredol
derivatives3 with chlorobutyl substituents in position 1 arenfi@d with almost quantitative yields.
Indeed, a test reaction between pyrrolidine andotygxanone in benzene, rapidly produced enamine
4a, which underwent a sequential substitution/rirepebge/addition reaction with arylchloropyruvate
2a to give 4,5,6,7-tetrahydroindoféa with high yield (Table 2). Several arylchloropyaigs with
phenyl andpara-substituted phenyl group2a-d tested reacted with similar facility, affordingeth
corresponding produc®a-d with high isolated yields. Further studies of Hwepe of this novel three-

component heteroannulation reaction are underwayinaboratory.

Table2
Synthesis of methyl 1-(5-halopentyl)-2-aryl-4,5:8Trahydroindole-3-carboxylat@&under the three-
component “pyrrolidine — cyclohexanone — arylchfpnuvate” system

(0]
OCHs
Ccl O
dioxane N
[ > + + R OCHy, ——— | R
H o reflux, 2 h

N
2a-d (e
3a-d

Ne 2 R R? Yield 3, %
2a CeHs 0.53 | 3a,98
2b CeH4,Cl-4 | 0.51 | 3b, 82
2C CeHsBr-4 | 0.73 | 3c, 88
2d CeHsF-4 0.59 |3d, 92

Al W N

%eluent 1:2=EtOAc:hexane

Having obtained 4,5,6,7-tetrahydroindole derivati8eand5 the next stage was the synthesis of
the indole derivative30. Dehydrogenation d,5 with the use of chloranil (in boiling-xylene, 17 h)

resulted in compoundK) in good to high yields (Table 2).

Table2
Synthesis of functionalized indole derivativesfrom methyl 1-[5-halobutyl(and halopentyl)]-2-aryl
4,5,6,7-tetrahydroindole-3-carboxylat@and5



(0]
OCHjz OCHjz
R
chloranil
| N R O R
N p-xylene, reflux ’\{*

3 (n=4) 10a,c,d,g (n=4)
5 (n=5) 11b-d,f,g,i (n=5)

No 3or5 |R' R° R n R® 10, %

1 3a H H H 4 0.40 10a (85)
2 3c Br H H 4 0.63 10c (82)
3 3d F H H 4 0.51 10d (86)
4 3g NO, |H H 4 0.50 10g (92)
5 5b Cl H H 5 0.56 11b (71)
6 5c Br H H 5 0.58 11c (69)
7 5d F H H 5 0.56 11d (75)
8 5f H Br H 5 0.51 11f (66)
9 59 NO, |H H 5 0.48 11g (90)
10 5i F H t-Bu 5 0.58 11i (78)

%eluent 1:2=EtOAc:hexane

CONCLUSIONS

We have developed a convenient and general apptogiysubstituted 4,5,6,7-tetrahydroindoles
via the sequential substitution/ring cleavage/additeaction between 1-cyclohexenylpiperidines and
1-cyclohexenylpyrrolidine and pyruvates. This reattwas successfully combined with the enamine
synthesis, which led to the development of an iefficsequential three-component heteroannulation
methodology for the construction of the methyl icfdorobutyl)-2-aryl-4,5,6,7-tetrahydrd-itindole-
3-carboxylates. Dehydrogenation of 4,5,6,7-tetrabiydiole derivatives with chloranil provides an
easy access to the poly-functionalized indole stéffStudies aimed at the extensionof this readtion

other heterocycles are presently underway in daorktory.

EXPERIMENTAL SECTION

4. Experimental

4.1. General

All NMR experiments were performed with 600, 50@ &00 MHz (600, 500 and 400 MHz f&
NMR; 470 and 376 MHz fot’F NMR; 150, 125 and 100 MHz fdfC NMR; 60 and 50.7 MHz for



15N NMR, respectively) spectrometers equipped with mm diameter gradient inverse broad band
probehead and a pulsed gradient unit capable afupmog magnetic field pulse gradients in the z-
direction of 53.5 G-cth NMR experiments were carried out at 303 K. DPF&XGnd TOCSY
spectra were obtained using a Hermite-shaped gatseelective excitation. Chemical shift§ if
ppm) are referenced to the solvents (CP@!= 7.27 ppm for'H and 77.0 ppm fof*C NMR) or
DMSO-ds (5 = 2.49 ppm forH and 39.5 ppm fol°’C NMR), to external CENO, (380.2 ppm) for>N
NMR spectra (conversion factor to NH380.2 ppm) and to externakfG (-164.9 ppm) for’F NMR
spectra. The melting points were determined on etiB® hot-stage apparatus and are uncorrected.
Infrared (IR) spectra were recorded on a Brukertde22 spectrometer. Mass spectra of MALDI
were measured on a Bruker mass spectrometer WiaFl TOF/TOF. As the matrices 2,5-
dihydroxybenzoic acid angara-nitroaniline were used. For the accurate mass uniegsPEG-400
was used. The insertion of the sample was perforwidd direct injection combined with a water
cooling system. The elemental analyses were cawigdat the microanalysis laboratory of the
Arbuzov Institute of Organic and Physical ChemisfRussian Academy of Sciences. All solvents
were of regent grade and were dried and distilkfdre use.

4.2. Preparation of 3-chloro(or bromo)-2-oxo-3-arylpropanoates 2

The starting compoundza,**? 2b,** 2¢,11¢ 2d 119 2f 1€ 2g 11 2h 17 2k 119 and 2m,**? were prepared
according to the published procedures.

Methyl 3-chloro-3-(4-iodophenyl)-2-oxopropanoate (2e) was prepared from methyl 2,2-
dichloroacetate ang-iodobenzaldehyde in toluene using the method destifor the synthesis of
2m.M P Yellow oil; yield (72%)2e; vmadthin film) 1738, 1590, 1489, 1440, 1245, 1165, 8B&0 cnf.
3u (400 MHz, CDCJ) 3.84 (3 H, s, OCH}, 6.08 (1 H, s, CH), 7.15 @, d,J 8.4 Hz, H3,5-Ar), 7.73 (2
H, d,J 8.4 Hz, H2,6-Ar).

cl o

5 OCH3

2 O

: 3

Ethyl 3-bromo-3-(4-fluorophenyl)-2-oxopropanoate (2j) was prepared from ethyl 2,2-
dibromoacetate anp-Hfluorobenzaldehyde in toluene using the methocrilesd for the synthesis of
2m.MPYellow oil; yield 2.17 g (85%pj; vmad{thin film) 1736, 1605, 1510, 1300, 1231, 1160, 3,05
856, 839 crit. &4 (500 MHz, CDCY) 1.33 (3H, t, J 7.1 Hz, OCH.CH3), 4.33 (2H, q,J 7.1 Hz,
OCH>CHg), 6.19 (1 H, s, CH), 7.06 k& dd,Jun 8.6 Hz,Ju 8.6 Hz, H2,6-Ar), 7.45 (H, dd, Jun 8.6
Hz, Jur 3.3 Hz, H3,5-Ar).
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5 OCH,CH3
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3

F
4.3. General procedurefor the synthesis of 5.

A  mixture of alkyl 3-chloro(for bromo)-2-oxo-3-arylgpanoate 1 (3.0 mmol), 1-
cyclohexenylpiperidine (or fert-butyl-1-cyclohexenylpiperidineda(b) (5.2 mmol) and dioxane (30
mL) was heated at reflux for 2 h. After cooling dot room temperature, the precipitate was filtered
and recrystallized in toluene (or washed wHRrOH) to give piperidinium chloride (or bromidé)
The solvent was removed to give a slightly browader product, which was purified on column

chromatography with silica gel (eluent — hexane/A&dt

Methyl 1-(5-chloropentyl)-2-phenyl-4,5,6,7-tetrahydro-1H-indole-3-carboxyl ate 5a.

Cl

Colorless oil; yield 1.03 g, 95%4); 3.7 mg, 1% §a); R; (hexane/EtOAc 2:1) 0.53; [Found: C, 69.9;
H, 7.3; N, 3.8. GiH26CINO; requires C, 70.08; H, 7.28; Cl, 9.85; N, 3.88]a(thin film) 3061, 3026,
2937, 2853, 1697, 1606, 1580, 1525, 1481, 14437,14873, 1331, 1270, 1238, 1204, 1154, 1121,
1091, 1053, 1025, 963, 919, 845, 825, 786, 763, 783, 648, 612, 516 cm'H NMR (500 MHz,
CDCL): 8y 1.21-1.27 (2 H, mCH,-Alk3), 1.46-1.52 (2 H, mCH,-Alk2), 1.54-1.60 (2 H, mCH.-
Alk4), 1.80-1.81 (2 H, mCHx-Ind5), 1.87-1.88 (2 H, mCHx-Ind6), 2.56-2.59 (2 H, mCH-Ind7),
2.79-2.82 (2 H, mCHy-Ind4), 3.38 (2 H, 1) 6.6 Hz,CH,-AIk5), 3.57 (3 H, s, OC}h), 3.64 (2 H, tJ]
7.6 Hz,CH»>-AIk1), 7.31-7.33 (2 H, m, H2,H6-Ar), 7.38-7.46 K8 m, H3,H4,H5-Ar).°C{*H} NMR
(100 MHz, CDC}): & 165.6 (C=0), 137.2 (C2-Ind), 132.7 (C1-Ar), 130GR-Ar), 128.0 (C7a-Ind),
127.7 (C4-Ar), 127.6 (C3-Ar), 118.8 (C3a-Ind), 13GC3-Ind), 49.9 (OCH), 44.2 (C5-Alk), 43.1
(C1-Alk), 31.4 (C4-Alk), 29.7 (C2-Alk), 23.5 (C3-R), 23.2 (C5-Ind), 23.2 (C4-Ind), 22.8 (C6-Ind),
22.0 (C7-Ind)*N NMR (50.6 MHz, CDGJ): § 164.9 (N1). HRMS (MALDI) calcd. for §H26CINO;
[M+Cs]" 492,0701, found 492,0718.

Tetrahydroindolesb-k were obtained in a similar way from appropriateocbpyruvates?

Methyl 1-(5-chloropentyl)-2-(4-chlorophenyl)-4,5,6,7-tetrahydro-1H-indol e-3-carboxylate 5b.
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Pale yellow oil; yield 0.89 g, 75%®l); 43 mg, 12% ga); Rs (hexane/EtOAc 2:1) 0.51; [Found: C,
63.9; H, 6.5; N, 3.4. £§H.sCILNO; requires C, 63.96; H, 6.39; CI, 17.98; N, 3.55}a(thin film)
2928, 2853, 1702, 1601, 1523, 1480, 1442, 14104,18331, 1269, 1237, 1204, 1154, 1122, 1091,
1015, 965, 824, 785, 755, 734, 650, 612, 507.¢t NMR (500 MHz, CDCY): 8y 1.24-1.30 (2 H, m,
CH,-Alk3), 1.44-1.50 (2 H, mCH2-Alk2), 1.58-1.64 (2 H, mCH,-Alk4), 1.76-1.81 (2 H, mCH,-
Ind5), 1.84-1.89 (2 H, m(H,-Ind6), 2.55 (2 H, br tJ 6.0 Hz,CH»-Ind7), 2.77 (2 H, br t) 6.1 Hz,
CHa-Ind4), 3.42 (2 H, tJ 6.6 Hz,CH»-AIK5), 3.59 (3 H, s, OCH), 3.61 (2 H, tJ 7.8 Hz,CH»>-Alk1),
7.25 (2H, d,J 8.5 Hz, H3,H5-Ar), 7.39 (2H, d] 8.5 Hz, H2,H6-Ar).**C{*H} NMR (125.7 MHz,
CDCl): 8 165.8 (C=0), 136.0 (C2-Ind), 134.1 (C4-Ar), 132C2-Ar), 131.4 (C1-Ar), 128.7 (C7a-
Ind), 128.2 (C3-Ar), 119.3 (C3a-Ind), 111.0 (C3jn80.3 (OCH), 44.4 (C5-Alk), 43.5 (C1-AlKk),
31.8 (C4-Alk), 30.1 (C2-Alk), 23.9 (C3-Alk), 23.4£6-Ind +C4-Ind), 23.0 (C6-Ind), 22.3 (C7-Ind).
15N NMR (50.6 MHz, CDGJ): & 164.6 (N1).

Methyl 2-(4-bromophenyl)-1-(5-chloropentyl)-4,5,6,7-tetrahydro-1H-indol e-3-carboxylate 5c.

OCH;
2 3

(6]

5 43a 3
6 1
77aN

Yellow oil; yield 0.93 g, 71%5c); 72 mg, 20%&a); R: (hexane/EtOAc 2:1) 0.73; [Found: C, 57.4; H,
5.9; N, 3.0. G;H2sBrCINO; requires C, 57.48; H, 5.74; Br, 18.21; Cl, 8.08;3L9]. vmaqthin film)
2938, 2853, 1697, 1521, 1479, 1442, 1410, 1270412022, 1073, 1011, 822, 785, 755, 735, 650,
502 cm'. *H NMR (500 MHz, CDC)): &y 1.22-1.28 (2H, mCH»-Alk3), 1.44-1.50 (2H, mCH.-
Alk2), 1.58-1.64 (2H, mCH,-Alk4), 1.76-1.81 (2H, mCH-Ind5), 1.84-1.89 (2H, nGH-Ind6), 2.55
(2H, br t,J 6.0 Hz,CHy-Ind7), 2.76 (2H, br tJ 6.1 Hz,CHx-Ind4), 3.42 (2H, t]) 6.6 Hz,CH»-AIK5),
3.59 (3H, s, OCH), 3.61 (2H, tJ 7.7 Hz,CH-Alk1), 7.18 (2H, d,J 8.4 Hz, H3,H5-Ar), 7.54 (2H, d

8.4 Hz, H2,H6-Ar).*C{*H} NMR (125.7 MHz, CDC}): & 165.8 (C=0), 136.0 (C2-Ind), 132.4 (C2-
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Ar), 131.9 (C1-Ar), 131.1 (C3-Ar), 128.7 (C7a-IndR2.4 (C4-Ar), 119.3 (C3a-Ind), 111.0 (C3-Ind),
50.3 (COCH), 44.4 (C5-Alk), 43.5 (C1-Alk), 31.8 (C4-Alk), 3D(C2-Alk), 23.8 (C3-Alk), 23.4 (C4-
Ind+C5-Ind), 23.0 (C6-Ind), 22.2 (C7-Ind).

Methyl 1-(5-chloropentyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahydro-1H-indole-3-carboxylate 5d.

Maize yellow oil; yield 0.77 g, 68%56(); 43 mg, 12% &a); Rr (hexane/EtOAc 2:1) 0.59; [Found: C,
66.5; H, 6.4; N, 3.7. §H.sCIFNO, requires C, 66.75; H, 6.67; Cl, 9.38; F, 5.03;3V,1]. vma{thin
film) 2929, 2854, 1702, 1606, 1535, 1489, 1460,2144412, 1374, 1331, 1269, 1223, 1204, 1156,
1121, 1092, 1016, 965, 833, 821, 787, 735, 651, 523 cm'". 'H NMR (500 MHz, CDC}): & 1.23-
1.29 (2H, mCH,-Alk3), 1.44-1.50 (2H, mCH,-Alk2), 1.57-1.63 (2H, mCH,-Alk4), 1.77-1.81 (2H,
m, CH,-Ind5), 1.85-1.89 (2H, nm(H-Ind6), 2.55 (2H, br t) 6.2 Hz,CH»-Ind7), 2.77 (2H, br t) 6.1
Hz, CH,-Ind4), 3.41 (2H, t,) 6.6 Hz,CH»-AIK5), 3.59 (3H, s, OCh), 3.61 (2H, br tJ 7.8 Hz,CH-
Alk1), 7.11 (2H, ddJuy 8.7 Hz,Jue 8.7 Hz, H2,H6-Ar), 7.28 (2H, ddyy 8.7 Hz,Jur 3.0 Hz, H3,H5-
Ar). *C{*H} NMR (125.7 MHz, CDC}): & 165.8 (C=0), 162.5 (dJcr = 247.5 Hz, C4-Ar), 136.3
(C2-Ind), 132.5 (d3Jcr = 8.2 Hz, C2-Ar), 128.9 (d'Jcr = 3.6 Hz, C1-Ar), 128.4 (C7a-Ind), 119.2
(C3a-Ind), 115.0 (diJcr = 21.5 Hz, C3-Ar), 110.9 (C3-Ind), 50.3 (OgH44.4 (C5-Alk), 43.4 (C1-
Alk), 31.8 (C4-Alk), 30.1 (C2-Alk), 23.9 (C3-Alk)23.4 (C4-Ind+C5-Ind), 23.1 (C6-Ind), 22.2 (C7-
Ind). **F{*H} NMR (470.5 MHz, CDC}): 5 113.7 (F).

Methyl 1-(5-chloropentyl)-2-(4-iodophenyl)-4,5,6,7-tetrahydro-1H-indol e-3-carboxyl ate 5e.

Yellow oil; yield 0.92 g, 63%5e); 79 mg, 22%&a); R (hexane/EtOAc 2:1) 0.59; [Found: C, 52.3; H,
5.3; N, 2.7. GiH2sCIINO; requires C, 51.92; H, 5.19; ClI, 7.30; I, 26.12; 2\B8]. V max (thin film)
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2924, 2853, 1702, 1582, 1519, 1475, 1461, 14096,18317, 1261, 1238, 1204, 1184, 1154, 1121,
1092, 1023, 1007, 966, 817, 799, 752, 734, 648,0613 *H NMR (500 MHz, CDCJ): &y 1.25-1.31
(2H, m, CH»-AIk3), 1.46-1.52 (2H, mCH,-Alk2), 1.60-1.66 (2H, mCH,-Alk4), 1.79-1.82 (2H, m,
CHo-Ind5), 1.86-1.90 (2H, nGH,-Ind6), 2.57 (2H, br t) 5.7 Hz,CH»-Ind7), 2.78 (2H, br tJ 6.1 Hz,
CHo-Ind4), 3.44 (2H, tJ 6.6 Hz,CH,-Alk5), 3.62 (3H, s, OCH), 3.63 (2H, tJ 7.7 Hz,CH»-AlK1),
7.07 (2H, d,J 8.3 Hz, H3,H5-Ar),7.77 (2H, d,J 8.3 Hz, H2,H6-Ar)."C{*H} NMR (125.7 MHz,
CDCLy): & 165.8 (C=0), 137.1 (C3-Ar), 136.1 (C2-Ind), 132GR-Ar), 132.5 (C1-Ar), 128.7 (C7a-
Ind), 119.4 (C3a-Ind), 111.0 (C3-Ind), 94.2 (C 4:/0.4 (OCH), 44.5 (C5-AlK), 43.5 (C1-AlK), 31.8
(C4-AK), 30.1 (C2-Alk), 23.9 (C3-AlK), 23.4 (C5+C4-Ind), 23.0 (C6-Ind), 22.3 (C-Ind).

Methyl 2-(3-bromophenyl)-1-(5-chloropentyl)-4,5,6,7-tetrahydro-1H-indol e-3-car boxyl ate 5f.

Pale yellow olil; yield 1.00 g, 76%6f); 65 mg, 18% @a); R (hexane/EtOAc 2:1) 0.53; [Found: C,
57.2; H, 5.8; N, 3.1. £&H»sBrCINO;, requires C, 57.48; H, 5.74; Br, 18.21; CI, 8.08;3L9]. Vimax
(thin film) 2927, 2854, 1703, 1600, 1579, 1561, 52471, 1441, 1409, 1374, 1330, 1320, 1269,
1238, 1204, 1154, 1122, 1092, 1051, 1030, 997, 88d, 784, 755, 714, 700, 652, 535, 437*chi
NMR (500 MHz, CDCY): 8y 1.24-1.30 (2H, mCH.-Alk3), 1.45-1.51 (2H, mCH»-Alk2), 1.58-1.64
(2H, m, CH»-Alk4), 1.76-1.80 (2H, mCH,-Ind5), 1.85-1.89 (2H, N H.-Ind6), 2.55 (2H, br tJ 6.1
Hz, CHo-Ind7), 2.77 (2H, br tJ 6.1 Hz,CH,-Ind4), 3.42 (2H, tJ 6.6 Hz,CH,-Alk5), 3.59 (3H, s,
OCH), 3.62 (2H, tJ 7.7 Hz,CH2-Alk1), 7.26 (1H, ddd)) 7.6 Hz, 1.6, 1.6 Hz, H6-Ar), 7.29 (1H, dH,
7.6, 7.6 Hz, H5-Ar), 7.47 (1H, dd, 1.6, 1.6 Hz, H2-Ar), 7.52 (1H, ddd,7.6, 1.6, 1.6 Hz, H4-Ar).
3c{*H} NMR (125.7 MHz, CDC}): & 165.7 (C=0), 135.5 (C2-Ind), 135.0 (C1-Ar), 138@2-Ar),
131.0 (C4-Ar), 129.6 (C5-Ar), 129.3 (C6-Ar), 128@®7a-Ind), 121.7 (C3-Ar), 119.4 (C3a-Ind), 111.1
(C3-Ind), 50.3 (OCH), 44.4 (C5-Alk), 43.5 (C1-Alk), 31.7 (C4-Alk), 3D(C2-Alk), 23.8 (C3-AlK),
23.4 (C5-Ind), 23.3 (C4-Ind), 23.0 (C6-Ind), 22CZ7¢Ind).

Methyl 1-(5-chloropentyl)-2-(4-nitrophenyl)-4,5,6,7-tetrahydro-1H-indole-3-car boxyl ate 5g.
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Yellow oil; yield 0.92 g, 76%50); 50 mg, 14%&a); R; (hexane/EtOAc 2:1) 0.4¢Found: C, 62.0; H,
6.4; N, 6.7. GiH25CIN,O4 requires C, 62.30; H, 6.22; Cl, 8.76; N, 6.92}ax (thin film) 2954, 2925,
2854, 1702, 1601, 1579, 1521, 1462, 1414, 1377518261, 1205, 1155, 1122, 1107, 1092, 1047,
1016, 967, 863, 853, 803, 755, 721, 708, 648.cid NMR (500 MHz, CDCY): 64 1.23-1.29 (2H, m,
CH,-Alk3), 1.43-1.49 (2H, mCH,-Alk2), 1.57-1.63 (2H, mCHj-Alk4), 1.77-1.82 (2H, mCH,-
Ind5), 1.86-1.90 (2H, nCH,-Ind6), 2.57 (2H, br t) 6.1 Hz,CH,-Ind7), 2.77 (2H, br tJ 6.1 Hz,CH,-
Ind4), 3.41 (2H, tJ 6.5 Hz,CH,-Alk5), 3.60 (3H, s, OCH), 3.65 (2H, tJ 7.8 Hz,CH,-Alk1), 7.50
(2H, d,J 8.8 Hz, H3,H5-Ar), 8.28 (2H, d} 8.8 Hz, H2,H6-Ar)*C{*H} NMR (125.7 MHz, CDC}): &
165.5 (C=0), 147.4 (C4-Ar), 139.9 (C1-Ar), 134.52¢{d), 131.8 (C2-Ar), 129.8 (C7a-Ind), 123.1
(C3-Ar), 119.9 (C3a-Ind), 111.8 (C3-Ind), 50.5 (OfLHI4.4 (C5-AlK), 43.7 (C1-Alk), 31.7 (C4-AlK),
30.1 (C2-Alk), 23.8 (C3-Alk), 23.3 (C4-Ind), 23.8%-Ind), 23.0 (C6-Ind), 22.3 (C7-Ind).

Methyl 1-(5-chloropentyl)-2-(3-nitrophenyl)-4,5,6,7-tetrahydro-1H-indole-3-carboxyl ate 5h.

Yellow oil; yield 0.97 g, 80%5h); 54 mg, 15%@a); R: (hexane/EtOAc 2:1) 0.48; [Found: C, 62.0; H,
6.4: N, 6.8. GiH25CIN,O, requires C, 62.30; H, 6.22; Cl, 8.76; N, 6.92])ax (thin film) 2926, 2854,
1702, 1619, 1579, 1536, 1519, 1474, 1442, 14079,18265, 1238, 1206, 1155, 1126, 1098, 1054,
1025, 965, 908, 858, 807, 787, 739, 711, 697, 661. ¢H NMR (500 MHz, CDGY): &4 1.22-1.28
(2H, m, CH,-Alk3), 1.46-1.52 (2H, mCHx-Alk2), 1.57-1.63 (2H, mCHx-Alk4), 1.76-1.82 (2H, m,
CHa-Ind5), 1.86-1.90 (2H, nGH2-Ind6), 2.57 (2H, br t) 6.0 Hz,CH,-Ind7), 2.77 (2H, br tJ 6.0 Hz,
CH.-Ind4), 3.41 (2H, tJ 6.5 Hz,CH,-AIk5), 3.59 (3H, s, OCH), 3.64 (2H, tJ 7.7 Hz,CH,-Alk1),
7.60 (1H, br ddy 7.6, 7.6 Hz, H5-Ar), 7.68 (1H, br ,7.6 Hz, H6-Ar), 8.20 (1H, d] 1.3 Hz, H2-Ar),
8.26 (1H, ddJ 7.6, 1.3 Hz, H4-Ar)**C{*H} NMR (125.7 MHz, CDC}): 5 165.5 (C=0), 147.9 (C3-
Ar), 137.2 (C6-Ar), 134.6 (C1-Ar), 134.3 (C2-Ind)29.4 (C7a-Ind), 128.8 (C5-Ar), 125.6 (C2-Ar),
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122.9 (C4-Ar), 119.7 (C3a-Ind), 111.7 (C3-Ind), BYOCH), 44.4 (C5-AlK), 43.6 (C1-Alk), 31.9
(C4-AlK), 30.2 (C2-AlK), 23.9 (C3-AlK), 23.3 (C4-l), 23.3 (C5-Ind), 23.0 (C6-Ind), 22.2 (C7-Ind).
HRMS (MALDI) calcd. for GiHpsCIN,O4 [M + Cs]* 537.0552, found 537.0528.

Methyl 5-tert-butyl-1-(5-chloropentyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahydro-1H-indol e-3-

carboxylate 5i.

OCHs
2 3

(0]
4 3a_(3
6 N1
5 7a

6 5

Maize yellow oil; yield 1.07 g, 82%&b(); 40 mg, 11% Ga); R: (hexane/EtOAc 2:1) 0.65; [Found: C,
61.9; H, 6.3; N, 6.6. £&H33CIFNO, requires C, 62.30; H, 6.22; Cl, 8.76; N, 6.92}ax (thin film)
2953, 2868, 1702, 1658, 1604, 1536, 1508, 14883,14613, 1396, 1366, 1310, 1224, 1158, 1125,
1095, 1073, 1058, 1015, 918, 838, 788, 753, 733, 620, 591, 524 cth 'H NMR (500 MHz,
CDCly): 34 1.00 (9H, s, (Ch)s), 1.22-1.28 (2H, mCH,-Alk3), 1.39-1.50 (4H, mCH»-Alk2, CHy-
Ind5, CHa-Ind6), 1.56-1.62 (2H, mCHy-Alk4), 2.06-2.11 (1H, mCHg-Ind6), 2.37-2.41 (1H, m,
CHa-Ind4), 2.49-2.55 (1H, mCHa-INd7), 2.64-2.68 (1H, mCHg-Ind7), 2.96-3.01 (1H, mCHeg-
Ind4), 3.40 (2H, tJ 6.5 Hz,CH,-Alk5), 3.57 (3H, s, OCh), 3.60 (2H, tJ 7.7 Hz,CH»-Alk1), 7.09
(2H, dd, Ju4 8.8 Hz,Jur 8.8 Hz, H2,H6-Ar), 7.27 (2H, ddlyy 8.8 Hz,Jur 3.4 Hz, H3,H5-Ar).
3c{*H} NMR (100.6 MHz, CDCH}): & 165.8 (C=0), 162.5 (dJcr = 247.6 Hz, C4-Ar), 136.4 (C2-
Ind), 132.4 (dJcr = 8.2 Hz, C2-Ar), 128.9 (dJcr = 3.3 Hz, C1-Ar), 128.6 (C7a-Ind), 119.6 (C3a-
Ind), 114.9 (d2Jcr = 21.6 Hz, C3-Ar), 110.9 (C3-Ind), 50.2 (OgH45.3 (C5-Ind), 44.4 (C5-AlK),
43.5 (C1-Alk), 32.5 (C-(Ch)3), 31.7 (C4-Alk), 30.0 (C2-Alk), 27.4 (C-(Gt), 24.6 (C4-Ind), 24.5
(C6-Ind), 23.8 (C3-Alk), 23.1 (C7-Ind)’F{*H} NMR (376.5 MHz, CDC}): 5 113.5 (F).

Ethyl 1-(5-bromopentyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahydro-1H-indole-3-carboxylate 5;.
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Yellow oil; yield 1.02 g, 78%%j); 60 mg, 12%@a); Rs (hexane/EtOAc 2:1) 0.60; [Found: C, 60.1; H,
6.4; N, 3.0. G:H27BrFNG, requires C, 60.55; H, 6.24; Br, 18.31; F, 4.35;3\21]. Vinax (thin film)
2936, 2857, 1732, 1697, 1600, 1509, 1489, 1459 14455, 1158, 1117, 1094, 1038, 838, 523'cm
'H NMR (500 MHz, CDCY): 8 1.06 (3H, t,J 7.1, OCHCHs), 1.22-1.28 (2H, mCH2-Alk3), 1.44-
1.50 (2H, m,CH»-Alk2), 1.65-1.71 (2H, mCH.-Alk4), 1.77-1.81 (2H, mCH,-Ind5), 1.85-1.89 (2H,
m, CH,-Ind6), 2.55 (2H, br tJ 5.9 Hz,CH2-Ind7), 2.78 (2H, br t) 5.9 Hz,CH,-Ind4), 3.28 (2H, t,)
6.6 Hz,CH»-Alk5), 3.60 (2H, tJ 7.7 Hz,CH,-Alk1), 4.04 (2H, gJ 7.1 Hz, OCHCHs), 7.10 (2H, dd,
Jun 8.6 Hz,Jue 8.6 Hz, H2,H6-Ar), 7.28 (2H, ddyy 8.6 Hz,Jur 3.0 Hz, H3,H5-Ar)*C{*H} NMR
(125.7 MHz, CDGJ): 5 165.3 (C=0), 162.5 (dJcr = 247.1 Hz, C4-Ar), 136.1 (C2-Ind), 132.5 {dsr

= 8.2 Hz, C2-Ar), 129.0 (fJcr = 3.4 Hz, C1-Ar), 128.4 (C7a-Ind), 119.2 (C3a-Int)4.9 (d2Jcr =
21.6 Hz, C3-Ar), 111.2 (C3-Ind), 58.8 (OQEH3), 43.4 (C1-Alk), 33.1 (C5-Alk), 31.8 (C4-Alk), 2B.
(C2-Alk), 25.1 (C3-Alk), 23.4 (C5-Ind), 23.3 (C4djp 23.0 (C6-Ind), 22.2 (C7-Ind), 14.1
(OCH,CHs). **F{*H} NMR (470.5 MHz, CDC}): 5-113.8 (F).

Methyl 1-(5-chloropentyl)-2-hexyl-4,5,6,7-tetrahydro-1H-indole-3-car boxyl ate 5k.

6,
ON-OCH, 4
2 5

4 3a_(3

5 | N\ 2 3

6 N 1 Alk2
5 7a

1 2

Alk1®

5—Br

Colorless oil; yield 0.75 g, 68%j(); 50 mg, 14% @a); Rs (hexane/EtOAc 2:1) 0.60; [Found: C, 68.4;
H, 9.6; N, 3.6. @H2,CINO;, requires C, 68.55; H, 9.31; Cl, 9.64; N, 3.84]ax (thin film) 2931, 2856,
1695, 1518, 1441, 1422, 1328, 1259, 1237, 11875,11B13, 1032, 786, 732, 653 ¢niH NMR (500
MHz, CDCk): 64 0.89 (3H, t,J 6.8 Hz,CHx-Alk2-6), 1.26-1.34 (4H, mCH,-Alk2-4, CH,-Alk2-5),
1.37-1.43 (2H, mCH»-Alk2-3), 1.47-1.56 (4H, mCH»-Alk2-2, CH,-Alk1-3), 1.61-1.67 (2H, mCH,-
Alk1-2), 1.71-1.74 (2H, mCH»-Ind5), 1.77-1.83 (4H, mGHx-Ind6, CHx-Alk1-4), 2.47 (2H, brt) 5.8
Hz, CH2-Ind7), 2.68 (2H, br t) 5.9 Hz,CH-Ind4), 2.87 (2H, br t) 8.0 Hz,CH,-Alk2-1), 3.54 (2H, t,

J 6.5 Hz,CH,»-Alk1-5), 3.71 (2H, tJ 7.8 Hz,CH»-Alk1-1), 3.76 (3H, s, OCH). *C{*H} NMR (125.7
MHz, CDCh): & 166.4 (C=0), 139.4 (C2-Ind), 126.9 (C7a-Ind), H1€3a-Ind), 108.6 (C3-Ind), 50.1
(OCHg), 44.5 (C5-Alk1), 42.9 (C1-Alkl), 32.1 (C4-Alk131.6 (C4-Alk2), 30.6 (C2-Alk1), 30.5 (C2-
Alk2), 29.5 (C3-Alk2), 25.5 (C1-Alk2), 24.2 (C3-Alj, 23.5 (C4-Ind+C5-Ind), 23.1 (C6-Ind), 22.6
(C5-Alk2), 22.1 (C7-Ind), 14.0 (C6-Alk2)">N NMR (50.6 MHz, CDCJ): & 163.7 (N). HRMS
(MALDI) calcd. for G1H34CINO, [M+Cs]" 500.1327, found 500.1354.
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Methyl 5-tert-butyl-1-(5-chloropentyl)-2-phenyl-4,5,6,7-tetrahydro-1H-indol e-3-carboxylate 5l.

o)
OCH;

2 3

4 3a (3
5| \214
6 N1

> 7a

7 6 5

Maize yellow oil; yield 0.99 g, 79%bl); 54 mg, 15% Ga); R (hexane/EtOAc 2:1) 0.60; [Found: C,
71.9; H, 8.5; N, 3.2. £H34CINO; requires C, 72.18; H, 8.24; Cl, 8.52; N, 3.3/f}ax (thin film) 2953,
2926, 2855, 1703, 1480, 1444, 1407, 1366, 13107,12065, 1124, 1098, 761, 702 tnH NMR
(500 MHz, CDC}): 84 1.00 (9H, s, (Ch)3), 1.22-1.30 (2H, mCH,-Alk3), 1.42-1.51 (4H, mCHy-
Alk2, CHyx-Ind5, CHa-Ind6), 1.55-1.60 (2H, mCH,-Alk4), 2.09-2.12 (1H, mCHg-Ind6), 2.40-2.43
(1H, m, CHa-Ind4), 2.51-2.54 (1H, mCHa-Ind7), 2.65-2.68 (1H, mCHg-Ind7), 3.00-3.03 (1H, m,
CHg-Ind4), 3.39 (2H, tJ 6.6 Hz,CH»>-AIK5), 3.57 (3H, s, OCH), 3.63 (2H, tJ 7.7 Hz,CH,-Alk1),
7.31 (2H, ddJ 8.0, 1.7 Hz, H2,H6-Ar), 7.38-7.43 (3H, m, H3,H4;A48). *C{*H} NMR (125.7 MHz,
CDCl): 8 165.9 (C=0), 137.7 (C2-Ind), 133.0 (C1-Ar), 13QC2-Ar), 128.4 (C7a-Ind), 127.9 (C4-
Ar), 127.8 (C3-Ar), 119.6 (C3a-Ind), 110.6 (C3-Indp.2 (OCH), 45.4 (C5-Ind), 44.4 (C5-Alk), 43.5
(C1-Alk), 32.5 (C(CH)3), 31.7 (C4-Alk), 30.0 (C2-Alk), 27.5 (C(Ght), 24.7 (C4-Ind), 24.5 (C6-
Ind), 23.8 (C3-Alk), 23.1 (C7-Ind). HRMS (MALDI) ted. for GsHz,CINO, [M+Cs]" 548.1327,
found 548.1320.

Ethyl 1-(5-bromopentyl)-2-phenyl-4,5,6,7-tetrahydro-1H-indole-3-carboxylate 5m.

Yellow oil; yield 0.83 g, 66%4]); 0.11 g, 22%&a); R (hexane/EtOAc 2:1) 0.50; [Found: C, 63.0; H,
7.0; N, 3.2. GsH34CINO; requires C, 63.16; H, 6.75; Br, 19.10; N, 3.3BJax (thin film) 2935, 1752,
1695, 1484, 1454, 1264, 1202, 1158, 1115, 754,ch0b 'H NMR (500 MHz, CDCY): &4 1.00 (3H,
t, J 7.1 Hz, OCHCHa), 1.23-1.27 (2H, mCH2-Alk3), 1.44-1.50 (2H, mCH,-Alk2), 1.62-1.68 (2H,
m, CH,-Alk4), 1.78-1.82 (2H, mCH,-Ind5), 1.85-1.90 (2H, mCH,-Ind6), 2.56 (2H, br tJ 6.1 Hz,
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CH.-Ind7), 2.80 (2H, br t) 6.0 Hz,CH»-Ind4), 3.25 (2H, t) 6.7 Hz,CH»-AIK5), 3.62 (2H, tJ 7.7 Hz,
CHz-Alk1), 4.03 (2H, qJ 7.1 Hz, OCHCHjz), 7.30 (2H, dd,J 7.9, 2.1 Hz, H2,H6-Ar), 7.37-7.40 (3H,
m, H3,H4,H5-Ar).C{*H} NMR (125.7 MHz, CDC}): & 165.4 (C=0), 137.4 (C2-Ind), 133.1 (C1-
Ar), 130.8 (C2-Ar), 128.2 (C7a-Ind), 127.9 (C4-AtR7.8 (C3-Ar), 119.2 (C3a-Ind), 110.9 (C3-Ind),
58.8 (OCHCHs), 43.4 (C1-Alk), 33.1 (C5-Alk), 31.9 (C4-Alk), 29 (C2-Alk), 25.1 (C3-Alk), 23.5
(C4-Ind), 23.3 (C5-Ind), 23.1 (C6-Ind), 22.3 (CH)n 14.0 (OCHCHs). N NMR (50.6 MHz,
CDCL): 5 164.4 (N).

Piperidinium chloride 6a.

4

i

6. +.2
N

1 -
H HC!

Off-white powder, m.p. 247-24%; [Found: C, 49.3; H, 10.0; N, 11.35;.CIN: C, 49.38; H, 9.95;
Cl, 29.15; N, 11.52]vpmax (thin film) 2950, 2842, 2809, 2763, 2735, 25272841593, 1462, 1437,
1032, 943, 557 cth 'H NMR (400 MHz, CDCJ): 84 1.51-1.57 (2H, mCHx-4), 1.65-1.70 (4H, m,
CH,-3,CH-5), 2.95 (4H, tJ 5.7 Hz,CH»-2,CH»-6), 9.15 (2H, br s, Nb. **C{*H} NMR (100.6 MHz,
DMSO-dg): 8 43.3 (C2C6), 21.9 (C3(C5), 21.7 (C4)*N NMR (50.6 MHz, DMSOdg): 5 41.5 (N).

Piperidinium bromide 6b.
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I
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H 1B
Off-white powder, m.p. 334-33%&; [Found: C, 36.0; H, 7.5; N, 8.358,,BrN: C, 36.16; H, 7.28; Br,
48.12; N, 8.43]vmax (thin film) 3177, 2949, 2840, 2808, 2738, 26271252413, 1586, 1462, 1434,
1030, 551 cit. *H NMR (400 MHz, CDCJ): &y & 1.51-1.57 (2H, mCH»-4), 1.63-1.68 (4H, mCH,-
3,CH»-5), 3.00 (4H, tJ 5.0 Hz,CH»-2,CH»-6), 8.42 (2H, br s, NbJ. *C{*H} NMR (100.6 MHz,
DMSO-ds): 5 43.8 (C26), 22.1 (C3(5), 21.6 (C4).

2-Phenyl-1-(piperidin-1-yl)ethanone 7a.
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Colorless olil; yield 24 mg, 4%; Rhexane/EtOAc 2:1) 0.60; [Found: C, 76.5; H, 8\§; 6.7.
C13H17NO requires C, 76.81; H, 8.43; N, 6.89}ax (thin film) 3028, 3005, 2937, 2856, 1738, 1640,
1444, 1368, 1256, 1225, 1136, 1123, 1022, 726,0698 ‘*H NMR (600 MHz, CDCJ): 64 1.29-1.33
(2H, m,CH>-3), 1.37-1.41 (2H, mCH,-5), 1.51-1.55 (2H, mCH,-4), 3.40 (2H, tJ 5.6 Hz,CH>-2),
3.43 (2H, tJ 5.6 Hz,CH,-6), 3.68 (2H, s, CbJ, 7.21 (1H, tJ 7.4 Hz, H4), 7.22 (2H, d,) 7.7 Hz, H2,
H6'), 7.30 (2H, dd) 7.4, 7.7 Hz, H3 H5). **C{*H} NMR (125.7 MHz, DMSOd): 5 168.3 (C=0),
136.0 (C1-Ar), 128.7 (C2-Ar), 128.2 (C3-Ar), 126@4-Ar), 46.4 (C2), 42.0 (C6), 39.7 (GH 25.8
(C3), 25.2 (C5), 23.9 (C4>N NMR (50.6 MHz, DMSOds): 5 121.1 (N1).HRMS (MALDI) calcd.
for C13H17NO [M+Cs]" 336.0359, found 336.0330.

2-(4-nitrophenyl)-1-(piperidin-1-yl)ethanone 7b.

Yellow oil; yield 45 mg, 6%; R (hexane/EtOAc 2:1) 0.60; Found: C, 62.8; H, 6.7; 1N.1.
C1aH16N203 requires C, 62.89; H, 6.50; N, 11.2@. (thin film) 2932, 1923, 2854, 1736, 1632, 1606,
1517, 1443, 1423, 1346, 1250, 1225, 1135, 11093,1847, 820, 734 cth '"H NMR (600 MHz,
CDCly): 8y 1.44-1.46 (2H, mCH,-3), 1.53-1.55 (2H, mGHx-5), 1.60-1.63 (2H, m(H,-4), 3.40 (2H,

t, J 5.3 Hz,CH,-2), 3.58 (2H, tJ 5.3 Hz,CHx-6), 3.81 (2H, s, Ch}, 7.42 (2H, d,) 8.8 Hz, H2, H6),
8.17 (2H, d,J 8.8 Hz, H3, H5). **C{*H} NMR (125.7 MHz, CDC}): 5 167.7 (C=0), 147.0 (C4-Ar),
143.0 (C1-Ar), 129.8 (C2-Ar), 123.7 (C3-Ar), 4722), 43.1 (C6), 40.4 (CH\, 26.4 (C3), 25.4 (C5),
24.3 (C4).">™N NMR (50.6 MHz, CDGJ) 5 124.5 (N1), 370.0 (N§. HRMS (MALDI) calcd. for
C1aH16N203 [M+Cs]* 381.0210, found 381.0240.

4.4. General procedurefor the synthesis of 3.
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A solution of pyrrolidine (5 mmol) and cyclohexaman(5 mmol) in benzene (25 mL) was heated to
reflux with the Dean-Stark apparatus for 1 h, thealed to room temperature and methyl 3-chloro-2-
oxo-3-arylpropanoat® (5 mL) in benzene was added then heated to rd@iuxanother 2 h. The
solvent was removed to give a slightly yellow crusl®duct3, which was purified on column
chromatography with silica gel (eluent — hexane/Atp

Methyl 1-(4-chlorobutyl)-2-phenyl-4,5,6,7-tetrahydro-1H-indole-3-carboxylate 3a.

Colorless oil; yield 1.69 g, 98%;:Rhexane/EtOAc 2:1) 0.53; [Found: C, 69.1; H, 6\g; 3.9.
Co0H24CINO; requires C, 69.45; H, 6.99; Cl, 10.25; N, 4.05]ax (thin film) 2933, 2853, 1702, 1527,
1481, 1459, 1441, 1406, 1370, 1276, 1250, 12044,11520, 1086, 1025, 757, 702 ¢ntH NMR
(500 MHz, CDCH): 8 1.52-1.58 (2H, mCH,-Alk3), 1.58-1.64 (2H, mCH,-Alk2), 1.78-1.82 (2H, m,
CHa-Ind5), 1.86-1.90 (2H, nGH2-Ind6), 2.58 (2H, br t) 6.0 Hz,CH,-Ind7), 2.79 (2H, br tJ 6.1 Hz,
CHa-Ind4), 3.32 (2H, tJ 6.3 Hz,CH,-Alk4), 3.58 (3H, s, OCh), 3.66 (2H, tJ 7.4 Hz,CH,-Alk1),
7.30-7.32 (2H, m, H2,H6-Ar), 7.38-7.43 (3H, m, H&,H5-Ar). °C{*H} NMR (125.7 MHz, CDC}):

5 165.8 (C=0), 137.5 (C2-Ind), 132.8 (C1-Ind), 13(C2-Ar), 128.2 (C7a-Ind), 128.0 (C4-Ar), 127.9
(C3-Ar), 119.2 (C3a-Ind), 110.7 (C3-Ind), 50.2 (Of;H14.0 (C4-Alk), 42.8 (C1-Alk), 29.3 (C3-AlK),
27.9 (C2-Alk), 23.4 (C5-Ind), 23.3 (C4-Ind), 23.G6-Ind), 22.2 (C7-Ind)’>™N NMR (50.6 MHz,
CDCl): 5 163.9 (N).

Methyl 1-(4-chlorobutyl)-2-(4-chlorophenyl)-4,5,6,7-tetrahydro-1H-indol e-3-car boxyl ate 3b.

Maize yellow oil; yield 1.56 g, 82%; :Rhexane/EtOAc 2:1) 0.51; [Found: C, 63.0; H, 6\3;3.5.
Ca0H23CIoNO, requires C, 63.16; H, 6.10; Cl, 18.64; N, 3.68]a (thin film) 2922, 2850, 1701, 1525,
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1479, 1449, 1440, 1400, 1368, 1276, 1265, 1233),1P052, 1124, 1085, 1010, 965, 824, 786, 750,
734 cm'. 'H NMR (400 MHz, CDCJ): &y 1.54-1.64 (4H, mCH2-Alk2, CH,-Alk3), 1.76-1.82 (2H, m,
CHa-Ind5), 1.84-1.90 (2H, N H,-Ind6), 2.56 (2H, br tJ 6.1 Hz,CH.-Ind7), 2.77 (2H, br t) 6.1 Hz,
CH.-Ind4), 3.36 (2H, tJ 6.2 Hz,CH,-Alk4), 3.60 (3H, s, OCH), 3.65 (2H, tJ 7.3 Hz,CH,-Alk1),
7.25 (2H, d,J 8.5 Hz, H3,H5-Ar), 7.40 (2H, d] 8.5 Hz, H2,H6-Ar)."*C{*H} NMR (125.7 MHz,
CDCl): & 165.7 (C=0), 136.1 (C2-Ind), 134.2 (C4-Ar), 132C12-Ar), 131.3 (C1-Ar), 128.7 (C7a-
Ind), 128.2 (C3-Ar), 119.4 (C3a-Ind), 111.1 (C3)n80.3 (OCH), 44.0 (C4-Alk), 42.9 (C1-AlK),
29.4 (C3-Alk), 28.0 (C2-Alk), 23.4 (C5-Ind+C4-Ind)3.0 (C6-Ind), 22.3 (C7-Indf>N NMR (50.6
MHz, CDCk): 5 163.8 (N1).

Methyl 1-(4-chlorobutyl)-2-(4-bromophenyl)-4,5,6,7-tetrahydro-1H-indol e-3-car boxylate 3c.
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Yellow oil; yield 1.87 g, 88%; R(hexane/EtOAc 2:1) 0.73; [Found: C, 56.3; H, 5N\g; 3.2.
CooH23BrCINO; requires C, 56.55; H, 5.46; Br, 18.81; ClI, 8.35;3\B0].Vmax (thin film) 2935, 2853,
1699, 1520, 1480, 1440, 1406, 1266, 1274, 12104,12028, 1120, 1075, 1021, 757, 735crtH
NMR (600 MHz, CDC}): &y 1.54-1.58 (2H, mCH.-Alk3), 1.59-1.63 (2H, mCH,-Alk2), 1.78-1.80
(2H, m,CHy-Ind5), 1.86-1.88 (2H, n;H.-Ind6), 2.56 (2H, br t) 6.1 Hz,CH2-Ind7), 2.76 (2H, br t]
6.1 Hz,CH»-Ind4), 3.36 (2H, tJ 6.2 Hz,CH»-Alk4), 3.59 (3H, s, OCH), 3.64 (2H, tJ 7.3 Hz,CH.-
Alk1), 7.18 (2H, d,J 8.4 Hz, H3,H5-Ar), 7.55 (2H, d] 8.4 Hz, H2,H6-Ar).*C{*H} NMR (150.9
MHz, CDCk): & 165.7 (C=0), 136.0 (C2-Ind), 132.4 (C1-Ar), 132QR-Ar), 131.2 (C3-Ar), 128.7
(C7a-Ind), 122.4 (C4-Ar), 119.5 (C3a-Ind), 111.23{@d), 50.3 (OCH), 44.0 (C4-Alk), 42.9 (C1-
AlK), 29.4 (C3-Alk), 28.1 (C2-AlK), 23.4 (C4-Ind+GHid), 23.1 (C6-Ind), 22.3 (C7-Ind).

Methyl 1-(4-chlorobutyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahydro-1H-indol e-3-carboxyl ate 3d.
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Colorless oil; yield 1.67 g, 92%;:Rhexane/EtOAc 2:1) 0.59; [Found: C, 65.9; H, @\; 3.7.
Co0H23CIFNO, requires C, 66.02; H, 6.37; Cl, 9.74; F, 5.22:3\85]. vmax (thin film) 2924, 2850,
1704, 1600, 1527, 1480, 1459, 1441, 1406, 13706,12450, 1204, 1154, 1122, 1090, 1025, 757, 732,
702, 646, 592, 521 cm*H NMR (500 MHz, CDC)): 8y 1.55-1.61 (4H, mCH.-Alk2, CH,-Alk3),
1.78-1.81 (2H, mCH.-Ind5), 1.85-1.88 (2H, nH»-Alk6), 2.56 (2H, br tJ 6.0 Hz,CH»-Ind7), 2.77
(2H, br t,J 6.0 Hz,CHx-Ind4), 3.35 (2H, tJ 6.1 Hz,CH»-Alk4), 3.59 (3H, s, OCh), 3.64 (2H,tJ 7.4
Hz, CHx-Alk1), 7.11 (2H, ddJuy 8.7 Hz,Jue 8.7 Hz, H2,H6-Ar), 7.28 (2H, ddiyy 8.7 Hz,Jue 3.0
Hz, H3,H5-Ar)."*C{*H} NMR (125.7 MHz, CDC}):  165.8 (C=0), 162.6 (dJcr 247.9 Hz, C4-Ar),
136.4 (C2-Ind), 132.5 (dJcr 8.2 Hz, C2-Ar), 128.8 (d'Jcr 3.1 Hz, C1-Ar), 128.5 (C7a-Ind), 119.3
(C3a-Ind), 115.0 (d®Jcr 21.4 Hz, C3-Ar), 111.1 (C3-Ind), 50.3 (OQH44.0 (C4-Alk), 42.9 (C1-
AlK), 29.7 (C3-Alk), 28.0 (C2-Alk), 23.4 (C4-Ind+CHid), 23.1 (C6-Ind), 22.3 (C7-Ind}’F{ H}
NMR (470.5 MHz, CDGCJ): & 113.6 (F). HRMS (MALDI) calcd. for §H.sCIFNO, [M + CsJ'
496.0450, found 496.0414.

General procedurefor the synthesisof 10.

4.5. A solution of3 or 5 (0.5 mmol) and 0.61 g of chloranil (2.5 mmol) prxylene (20 mL) was
heated at reflux for 17 h, cooled, filtered and sloéd residue was washed with ethex43nL). The
solvent was evaporated in vacuo and the residuectvamsnatographed (hexane : EtOAc) to give a

pure indole derivativaO.

Methyl 1-(5-chloropentyl)-2-phenyl-1H-indole-3-carboxylate 10a.

Colorless oil; yield 1.45 g, 85%;:Rhexane/EtOAc 2:1) 0.40; [Found: C, 70.1; H, &ND; 3.9.
Co0H2oCINO, requires C, 70.27; H, 5.90; Cl, 10.37; F, 5.22;4NL,0]. Vmax (thin film) 2951, 2927,
1694, 1541, 1483, 1460, 1406, 1234, 1190, 11467,11092. 1026, 791, 753, 701, 646'trtH NMR
(500 MHz, CDC}): 8y 1.48-1.54 (2H, mCH»-Alk3), 1.63-1.69 (2H, mCH»-Alk2), 3.44 (2H, tJ 6.5,
CH.-Alk4), 3.60 (3H, s, OCH), 4.05 (2H, tJ 7.3 Hz,CH»-Alk1), 7.26 (1H, ddd,J 7.5, 7.4, 1.1 Hz,
H5-Ind), 7.31 (1H, ddd) 7.0, 6.8, 1.3 Hz, H6-Ind), 7.43-7.46 (2H, m, H3;AH, 7.51-7.53 (3H, m,
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H2,H4, H6-Ar), 7.75 (1H, br dJ 8.2 Hz, H7-Ind), 8.09 (1H, br d,6.3 Hz, H4-Ind).**C{*H} NMR
(125.7 MHz, CDCJ): 5 164.3 (C=0), 146.1 (C2-Ind), 135.6 (C7a-Ind), D3(C1-Ar), 130.1 (C2-Ar),
128.8 (C4-Ar), 128.0 (C3-Ar), 126.0 (C3a-Ind), 122C6-Ind), 121.8 (C5-Ind), 121.2 (C4-Ind), 110.9
(C7-Ind), 104.2 (C3-Ind), 50.3 (OGH 44.5 (C4-Alk), 42.6 (C1-Alk), 29.0 (C3-Alk), 2Z6(C2-AlK).
15N NMR (50.6 MHz, CDGJ): § 150.8 (N1). HRMS (MALDI) calcd. for §H.cCINO, [M+Cs]
474.0232, found 474.0249.

Methyl 2-(4-bromophenyl)-1-(4-chlorobutyl)-1H-indole-3-carboxylate 10c.

Sallow oil; yield 1.72 g, 82%; R(hexane/EtOAc 2:1) 0.63; [Found: C, 56.9; H, 5N); 3.2.
Co0H19BrCINO; requires C, 57.09; H, 4.55; Br, 18.99; Cl, 8.43;3\83].Vmax (thin film) 3598, 3160,
2142, 1660, 1040, 1014, 968, 889, 756, 656.citH NMR (500 MHz, CDCJ): 8y 1.50-1.56 (2H, m,
CH.-Alk3), 1.62-1.68 (2H, mCH»-Alk2), 3.47 (2H, tJ 6.5 Hz,CH,-Alk4), 3.63 (3H, s, OCH), 4.06
(2H, t,J 7.3 Hz,CH,-Alk1), 7.26 (1H, dddJ 8.1, 7.2, 1.1 Hz, H5-Ind), 7.32 (1H, ddd8.0, 7.2, 1.3
Hz, H6-Ind), 7.41 (2H, dJ 8.5 Hz, H3,H5-Ar), 7.66 (1H, br d,8.0 Hz, H7-Ind), 7.72 (2H, d} 8.5
Hz, H2,H6-Ar), 8.09 (1H, dd] 8.0, 1.0 Hz, H4-Ind)**C{*H} NMR (100.6 MHz, DMSOd): & 164.2
(C=0), 144.7 (C2-Ind), 135.7 (C7a-Ind), 132.3 (C8:A31.0 (C3-Ar), 130.3 (C1-Ar), 125.9 (C3a-
Ind), 122.8 C6-Ind), 122.5 (C4-Ar), 121.9 (C5-IndR1.2 (C4-Ind), 111.0 (C7-Ind), 104.5 (C3-Ind),
50.4 (OCH), 44.5 (C4-Alk), 42.7 (C1-AlKk), 29.0 (C3-Alk), ZB(C2-Alk).

Methyl 2-(4-fluorophenyl)-1-(4-chlorobutyl)-1H-indole-3-carboxylate 10d.

Reddish-brown oil; yield 1.55 g, 86%j; Bhexane/EtOAc 2:1) 0.51; [Found: C, 66.7; H, 35;3.7.
Co0H19CIFNGO; requires C, 66.76; H, 5.32; Cl, 9.85; F, 5.28;389]. vimax (thin film) 3580, 3176,
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2262, 1650, 1038, 1022, 988, 860, 781, 744, 72Q, 685 cnt. '"H NMR (400 MHz, CDCJ): 84
1.49-1.56 (2H, mCH,-Alk3), 1.62-1.69 (2H, mCH-Alk2), 3.46 (2H, t,J 6.4 Hz,CHx-Alk4), 3.62
(3H, s, OCH)), 4.05 (2H, tJ 7.3 Hz,CHx-Alk1), 7.24-7.31 (2H, m, H5,H6-Ind), 7.35 (2H, dij 8.7
Hz, Jur 8.7 Hz, H2,H6-Ar), 7.51 (2H, ddiyy 8.7 Hz,Jue 3.0 Hz, H3,H5-Ar), 7.66 (1H, d] 8.0 Hz,
H7-Ind), 8.09 (1H, dJ 8.1 Hz, H4-Ind).**C{*H} NMR (100.6 MHz, DMSO¢): & 164.3 (C=0),
162.4 (d,"Jce = 245.7 Hz, C4-Ar), 145.0 (C2-Ind), 135.7 (C7a)lnti32.5 (d,2Jcr 8.4 Hz, C2-Ar),
127.4 (d,*Jcr 3.2 Hz, C1-Ar), 125.9 (C3a-Ind), 122.8 (C6-Ind?118 (C5-Ind), 121.2 (C4-Ind), 115.0
(d, 2Jcg 21.7 Hz, C3-Ar), 111.0 (C7-Ind), 104.5 (C3-Ind),& (OCH), 44.5 (C4-AlK), 42.6 (C1-AlK),
29.0 (C3-Alk), 26.5 (C2-Alk)*F{*H} NMR (376.5 MHz, DMSO#d): 5 112.6 (F).HRMS (MALDI)
calcd. for GgH1gFCINO, [M+H] * 360.1161, found 360.1132.

Methyl 2-(4-nitrophenyl)-1-(4-chlorobutyl)-1H-indole-3-carboxylate 10g.
o

5 A3 \32 1 4

SO

Brown oil; yield 1.78 g, 92%; R(hexane/EtOAc 2:1) 0.50; [Found: C, 61.9; H, 5N\p; 7.1.
C,ooH19CINLO, requires C, 62.10; H, 4.95; Cl, 9.17; N, 7.24a (thin film) 2498, 2864, 1688, 1603,
1520, 1485, 1457, 1439, 1389, 1348, 1194, 11605,11419, 1017, 860, 790, 754, 710trtH NMR
(600 MHz, CDC}): 8 1.50-1.55 (2H, mCH,-Alk3), 1.62-1.67 (2H, mCH,-Alk2), 3.47 (2H, t,J 6.6
Hz, CH»-Alk4), 3.63 (3H, s, OCH), 4.09 (2H, tJ 7.5 Hz,CH»-Alk1), 7.30 (1H, dd, 7.0, 7.9 Hz, H5-
Ind), 7.35 (1H, dddJ 7.0, 7.9, 0.9 Hz, H6-Ind), 7.71 (1H, brd7.9 Hz, H7-Ind), 7.79 (2H, dl 8.8
Hz, H2,6-Ind), 8.11 (1H, br dJ 7.9 Hz, H4-Ind), 8.36 (2H, d] 8.8 Hz, H3,5-Ar).*C{*H} NMR
(150.9 MHz, DMSOds): & 164.1 (C=0), 147.7 (C4-Ar), 143.5 (C2-Ind), 138dL-Ar), 136.0 (C7a-
Ind), 131.9 (C2-Ar), 125.7 (C3a-Ind), 123.1 (C6Inti23.0 (C3-Ar), 122.1 (C5-Ind), 121.3 (C4-Ind),
111.1 (C7-Ind), 105.0 (C3-Ind), 50.5 (O§H44.5 (C4-Alk), 42.8 (C1-Alk), 28.9 (C3-Alk), Z5(C2-
AlK). **N NMR (50.6 MHz, DMSOds): 5 150.2 (N1), 370.4 (N§).

Methyl 1-(5-chloropentyl)-2-(4-chlorophenyl)-1H-indole-3-carboxylate 11b.
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Maize yellow oil; yield 1.39 g, 71%; :Rhexane/EtOAc 2:1) 0.56; [Found: C, 64.5; H, 3\5;3.4.
C,1H21ClLNO, requires C, 64.62; H, 5.42; Cl, 18.17; N, 3.58]a (thin film) 3622, 3154, 2257, 2130,
1665, 1153, 1053, 1041, 1016, 979, 828, 772, 669. ¢ NMR (400 MHz, CDG)): &y 1.14-1.22
(2H, m, CH2-Alk3), 1.48-1.59 (4H, mCH2-Alk2, CHx-Alk4), 4.02 (2H, t,J 7.5 Hz,CH2-Alk5), 3.62
(3H, s, OCH), 4.02 (2H, tJ 7.5 Hz,CH,-Alk1), 7.26 (1H, ddd) 7.2, 7.7, 1.2 Hz, H5-Ind), 7.31 (1H,
ddd,J 7.2, 7.9, 1.3 Hz, H6-Ind), 7.48 (2H, 318.6 Hz, H3,H5-Ar), 7.58 (2H, dl 8.6 Hz, H2,H6-Ind),
7.64 (1H, br dJ 7.9 Hz, H7-Ind), 8.09 (1H, dd| 7.7, 1.3 Hz, H4-Ind)**C{*H} NMR (150.9 MHz,
DMSO-dg): 8 164.3 (C=0), 144.7 (C2-Ind), 135.7 (C7a-Ind), B3BC4-Ar), 132.1 (C2-Ar), 130.0
(C1-Ar), 128.1 (C3-Ar), 125.9 (C3a-Ind), 122.8 (G}, 121.8 (C5-Ind), 121.2 (C4-Ind), 111.0 (C7-
Ind), 104.4 (C3-Ind), 50.4 (OGH 44.9 (C5-Alk), 43.2 (C1-Alk), 31.2 (C4-Alk), 2B(C2-Alk), 23.3
(C3-Alk). HRMS (MALDI) calcd. for GiH21CILNO, [M+Cs]" 521.9998, found 522.0021.

Methyl 1-(5-chloropentyl)-2-(4-bromophenyl)-1H-indole-3-carboxylate 11c.

Yellow oil; yield 1.50 g, 69%; R(hexane/EtOAc 2:1) 0.58; [Found: C, 57.7; H, 5N); 3.1.
C21H21BrCINO; requires C, 58.02; H, 4.87; Br, 18.38; Cl, 8.15;3\22].Vmax (thin film) 3603, 3175,
2257, 2130, 1666, 1649, 1041, 1014, 979, 827, ™4 tH NMR (500 MHz, CDGJ): 4 1.14-1.21
(2H, m, CH»-Alk3), 1.48-1.59 (4H, mCH,-Alk2, CH»-Alk4), 3.48 (2H, tJ 6.7 Hz,CH»-AIK5), 3.63
(3H, s, OCH)), 4.02 (2H, tJ 7.5 Hz,CHx-Alk1), 7.26 (1H, dddJ 7.6, 7.8, 1.1 Hz, H5-Ind), 7.31 (1H,
ddd,J 7.6, 8.1, 1.3 Hz, H6-Ind), 7.42 (2H, 88.5 Hz, H3,H5-Ar), 7.65 (1H, br d,8.1 Hz, H7-Ind),
7.72 (2H, d,J 8.5 Hz, H2,H6-Ar), 8.08 (1H, ddd}, 7.8, 1.3, 0.7 Hz, H4-Ind)-*C{*H} NMR (125.7
MHz, DMSO-d): & 164.3 (C=0), 144.8 (C2-Ind), 135.7 (C7a-Ind), #38C2-Ar), 131.0 (C3-Ar),
130.4 (C1-Ar), 125.9 (C3a-Ind), 122.8 (C6-Ind), B@C4-Ar), 121.8 (C5-Ind), 121.2 (C4-Ind), 111.0
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(C7-Ind), 104.4 (C3-Ind), 50.4 (OGH 44.9 (C5-AlK), 43.2 (C1-Ak), 31.3 (C4-AK), ZB(C2-AlK),
23.3 (C3-Alk). HRMS (MALDI) calcd. for GH»:CIBINO, [M+Cs]* 567.9472, found 567.9493.

Methyl 1-(5-chloropentyl)-2-(4-fluorophenyl)-1H-indole-3-carboxylate 11d.

Reddish-brown oil; yield 1.40 g, 75%j; Bhexane/EtOAc 2:1) 0.56; [Found: C, 67.3; H, 3\9;3.7.
C21H21CIFNG, requires C, 67.47; H, 5.66; Cl, 9.48; F, 5.08;3\/5]. Vmax (thin film) 3447, 2258,
2130, 1654, 1045, 1026, 997, 828, 767, 651'.ciH NMR (500 MHz, CDCY): &y 1.15-1.21 (2H, m,
CH2-Alk3), 1.48-1.58 (4H, mCHx-Alk2, CH,-Alk4), 2.50 (2H, t,J 6.6 Hz,CH,-AIK5), 3.62 (3H, s,
OCHg), 4.01 (2H, tJ 7.5 Hz,CH,-Alk1), 7.26 (1H, ddd,)) 7.2, 7.6, 1.0 Hz, H5-Ind), 7.30 (1H, ddH,
7.6, 8.1, 1.2 Hz, H6-Ind), 7.35 (2H, dil 8.8 Hz,J4r 8.8 Hz, H2,H6-Ar), 7.51 (2H, ddpy 8.8 Hz,
Jur 3.3 Hz, H3,H5-Ar), 7.64 (1H, br d,8.1 Hz, H7-Ind), 8.09 (1H, ddd,7.2, 1.2, 0.7 Hz, H4-Ind).
13C{*H} NMR (125.7 MHz, DMSO#d): 3 164.3 (C=0), 162.3 (dJcr = 246.1 Hz, C4-Ar), 145.0 (C2-
Ind), 135.6 (C7a-Ind), 132.5 (dcr = 8.6 Hz, C2-Ar), 127.5 (d'Jcr = 3.2 Hz, C1-Ar), 125.9 (C3a-
Ind), 122.7 (C6-Ind), 121.8 (C5-Ind), 121.2 (C4Indl15.0 (d,2Jcr = 21.7 Hz, C3-Ar), 111.0 (C7-
Ind), 104.4 (C3-Ind), 50.4 (OGH 44.9 (C5-Alk), 43.1 (C1-Alk), 31.2 (C4-Alk), ZB(C2-AlKk), 23.3
(C3-Alk). F{*H} NMR (470.5 MHz, DMSOdg): & 112.6 (F). HRMS (MALDI) calcd. for
C21H21CIFNO, [M+Cs]" 506.0294, found 506.0267.

Methyl 1-(5-chloropentyl)-2-(3-bromophenyl)-1H-indole-3-carboxylate 11f.

Yellow oil; yield 1.43 g, 66%; R(hexane/EtOAc 2:1) 0.51; [Found: C, 57.9; H, 5N\0; 3.0.
C21H21BrCINO; requires C, 58.02; H, 4.87; Br, 18.38; ClI, 5.15;3\2].Vmax (thin film) 3440, 2256,
2130, 1654, 1044, 1028, 997, 964, 888, 780, 746, 700, 655, 545 cth 'H NMR (500 MHz,
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CDCL): 84 1.15-1.21 (2H, mCH»-Alk3), 1.48-1.54 (2H, mCH,-Alk4), 1.54-1.60 (2H, mCH.-
Alk2), 3.47 (2H, t,J 6.6 Hz,CH,-AIk5), 3.64 (3H, s, OCH), 4.01 (2H, tJ 7.5 Hz,CH,-Alk1), 7.26
(1H, ddd,J 8.0, 7.9, 1.1 Hz, H5-Ind), 7.31 (1H, ddB8.0, 8.1, 1.4 Hz, H6-Ind), 7.46-7.50 (2H, m,
H5,H6-Ar), 7.64 (1H, br dJ 8.1 Hz, H7-Ind), 7.68-7.69 (1H, m, H2-Ar), 7.71-Z.{1H, ddd,J 6.9,
2.2, 2.1 Hz, H4-Ar), 8.08 (1H, ddd,7.9, 1.4, 1.2 Hz, H4-Ind}*C{*H} NMR (125.7 MHz, DMSO-
de):  164.2 (C=0), 144.3 (C2-Ind), 135.7 (C7a-Ind), B3@C1-Ar), 132.8 (C2-Ar), 131.8 (C4-Ar),
130.0 (C5-Ar), 129.4 (C6-Ar), 125.8 (C3a-Ind), 122C6-Ind), 121.9 (C5-Ind), 121.3 (C4-Ind), 121.1
(C3-Ar), 111.0 (C7-Ind), 104.5 (C3-Ind), 50.5 (O§H44.9 (C5-Alk), 43.2 (C1-Alk), 31.2 (C4-AlK),
28.3 (C2-Ak), 23.3 (C3-Alk). HRMS (MALDI) calcd. of CyHxnCIBrINO, [M+Na]*
456.0336;458.0316, found 456.0348;458.0332.

Methyl 1-(5-chloropentyl)-2-(4-nitrophenyl)-1H-indole-3-carboxylate 11g.

Yellow oil; yield 1.80 g, 90%; R(hexane/EtOAc 2:1) 0.48; [Found: C, 62.8; H, 5N\g; 7.2.
Co1H21CIN2O, requires C, 62.92; H, 5.28; Cl, 8.84; N, 6.98]a (thin film) 3500, 2861, 1696, 1602,
1047, 1021, 995, 858, 758, 702°tmH NMR (600 MHz, CDCJ): 84 1.15-1.20 (2H, mCH,-Alk3),
1.47-1.52 (2H, mCHx-Alk4), 1.53-1.58 (2H, mCH»-Alk2), 3.46 (2H, t,J 6.6 Hz,CH2>-AIK5), 3.63
(3H, s, OCH), 4.05 (2H, tJ 7.4 Hz,CH»-Alk1), 7.29 (1H, dd,) 7.1, 7.9 Hz, H5-Ind), 7.34 (1H, ddd,
7.1, 8.2, 1.3 Hz, H6-Ind), 7.69 (1H, br88.2 Hz, H7-Ind), 7.79 (2H, dl 8.7 Hz, H2,H6-Ar), 8.10
(1H, br d,J 7.9 Hz, H4-Ind), 8.37 (2H, dl 8.7 Hz, H3,H5-Ar).**C{*H} NMR (150.9 MHz, DMSO-
de): 8 164.2 (C=0), 147.7 (C4-Ar), 143.6 (C2-Ind), 138C1-Ar), 136.0 (C7a-Ind), 132.0 (C2-Ar),
125.8 (C3a-Ind), 123.2 (C6-Ind), 123.0 (C3-Ar), 12ZC5-Ind), 121.3 (C4-Ind), 111.2 (C7-Ind),
104.9 (C3-Ind), 50.6 (OCH), 44.9 (C5-Alk), 43.3 (C1-Alk), 31.2 (C4-Alk), 2B(C2-Alk), 23.2 (C3-
AlK).

Methyl 5-tert-butyl-1-(5-chloropentyl)-2-(4-fluorophenyl)-1H-indole-3-carboxylate 11i.
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Yellow oil; yield 1.68 g, 78%; R(hexane/EtOAc 2:1) 0.58; [Found: C, 69.6; H, 7\0; 3.1.
CasH2sCIFNO, requires C, 69.84; H, 6.80; Cl, 8.25; F, 4.42;3\R6]. vmax (thin film) 3593, 3182,
2260, 2131, 1644, 1046, 1024, 983, 830, 772, 722, 669, 649 ci. 'H NMR (500 MHz, CDC)):
8 1.15-1.21 (2H, mCH,-Alk3), 1.37 (9H, s, (Ch)s), 1.48-1.57 (4H, mCH,-Alk2, CH,-Alk4), 3.48
(2H, t,J 6.6 Hz,CH2-AIK5), 3.59 (3H, s, OCH), 3.97 (2H, tJ 7.5 Hz,CH,-Alk1), 7.34 (2H, dd Jq
8.9 Hz,Jur 8.9 Hz, H2,H6-Ar), 7.38 (1H, dd, 8.7, 2.0 Hz, H6-Ind), 7.47 (2H, dd,y 8.9 Hz,Jur 3.3
Hz, H3,H5-Ar), 7.53 (1H, ddJ 8.7, 0.4 Hz, H7-Ind), 8.11 (1H, dd,2.0, 0.4 Hz, H4-Ind)**C{*H}
NMR (125.7 MHz, DMSOde): 8 164.5 (C=0), 162.3 (dJcr = 245.8 Hz, C4-Ar), 144.9 (C2-Ind),
144.3 (C5-Ind), 133.9 (C7a-Ind), 132.5 {dcr = 8.4 Hz, C2-Ar), 127.7 (d'Jcr = 3.2 Hz, C1-Ar),
125.8 (C3a-Ind), 120.8 (C6-Ind), 116.8 (C4-Ind)511(d,%Jcr = 21.7 Hz, C3-Ar), 110.4 (C7-Ind),
104.3 (C3-Ind), 50.3 (OCH), 44.9 (C5-Alk), 43.1 (C1-Alk), 34.4 (C(CHt), 31.6 (C(CH)a), 31.2
(C4-Alk), 28.3 (C2-Alk), 23.3 (C3-AlK)*F{*H} NMR (470.5 MHz, DMSO#dg): 5 112.7 (F). HRMS
(MALDI) calcd. for GosHosCIFNO, [M+H] * 430.1944, found 430.1953.
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General Methods

All NMR experiments were performed with a 600, 30@ 400 MHz (600, 500 and 400 MHz ftt NMR; 100 MHz for**C NMR; 60 MHz for*®N
NMR, respectively) spectrometers equipped with mrd diameter gradient inverse broad band probehaddaapulsed gradient unit capable of
producing magnetic field pulse gradients in thereadion of 53.5 G-cf. NMR experiments were carried out at 303 K. DPFG&Rad TOCSY
spectra were obtained using a Hermite-shaped paiselective excitation. Chemical shifisii ppm) are referenced to the solvents (COEkE 7.27
ppm for'H and 77.0 ppm fot’C NMR) or DMSOds (5 = 2.49 ppm forH and 39.5 ppm fot’C NMR)), to external CENO, (380.2 ppm) for™N
NMR spectra (conversion factor to NH380.2 ppm) and to externakf (-164.9 ppm) fol°F NMR spectra.
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Figure S1. 1D *H, **C DEPT and*C{‘H} NMR spectra of3ain CDCkat T = 303 K.
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Figure S2. 2D *H-'H COSY NMR spectra da in CDCkat T
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Figure S3. 2D *H-°C HSQC NMR spectra &fa in CDCkat T
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Figure S4. 2D *H-*C HMBC NMR spectra o8ain CDCkat T
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Figure S6. 1D *H, **C DEPT and*C{*H} NMR spectra of3b in CDCkat T = 303 K.
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Figure S7. 2D *H-'H COSY NMR spectra ddb in CDCkat T
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Figure S8. 2D *H-°C HSQC NMR spectra @b in CDCkat T
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Figure S9. 2D *H-*C HMBC NMR spectra 08b in CDCkat T



s B B L B S S S NS S N A L L B S B
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
M “L L~
; T | T I | — | T 1 A | a |
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
L B e B S By S S ) BN LS DRSS B O A
7.5 7.0 8.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
s B B s e B B B e B S|
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
s e s B 5 s s e B S S B S
7.5 7.0 8.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Figure S10. 1D 'H and*H TOCSY NMR spectra ddb in CDCkat T = 303 K.
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Figure S11. 1D 'H and*H DPFGROE NMR spectra 8b in CDCkat T = 303 K.
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Figure S14. 2D *H-'H COSY NMR spectra a&d in CDCkat T
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Figure S16. 2D *H-*C HMBC NMR spectra o8d in CDCkat T
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Figure S17. 2D *H-*F HMBC NMR spectra o8d in CDCkat T
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Figure S18. 1D 'H and*H TOCSY NMR spectra ddd in CDCkat T = 303 K.
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Figure S19. 1D '*H and*H DPFGROE NMR spectra 8H in CDCkat T = 303 K.
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Figure S21. 2D '*H-'H COSY NMR spectra dBa in CDCkat T
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Figure S22. 2D '*H-*C HSQC NMR spectra &fain CDCkat T
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Figure S23. 2D '*H-"*C HMBC NMR spectra ofa in CDCkat T
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Figure S24. 1D 'H and*H TOCSY NMR spectra dfa in CDCkat T = 303 K.
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Figure S25. 1D 'H and'H DPFGROE NMR spectra &&in CDCkat T = 303 K.

S34



[ [ | [ T [ [ [ T T T ] T [T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3. 3.0 2.5 2.0 1.5 ppm
. N . e

[ [ [ I T [ [ R [ I T [T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3 3.0 2.5 2.0 1.5 Ppm
A A A A AN A
T T T T T I I T I [ | | I | T T 71T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3 3.0 2.5 2.0 1.5 pprm

Figure S26. 1D '*H and'H DPFGROE NMR spectra & in CDCkat T = 303 K.
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Figure S29. 2D 'H-*C HSQC NMR spectra d&b in CDCkat T
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Figure S30. 2D *H-*C HMBC NMR spectra obb in CDCkat T
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Figure S32. 1D 'H and*H TOCSY NMR spectra dib in CDCkat T = 303 K.

S41



Figure S33. 1D '*H and'H DPFGROE NMR spectra &b in CDCkat T = 303 K.
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Figure S34. 1D 'H, **C DEPT and®*C{*H} NMR spectra ofsc in CDCkat T = 303 K.
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Figure S35. 2D *H-'H COSY NMR spectra dic in CDCkat T
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Figure S36. 2D '*H-"*C HSQC NMR spectra dic in CDCkat T
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Figure S37. 2D '*H-*C HMBC NMR spectra ofc in CDCkat T
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Figure $42. 2D '*H-"*C HSQC NMR spectra d&d in CDCkat T
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Figure $43. 2D '*H-*C HMBC NMR spectra o6d in CDCkat T
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Figure $44. 2D '*H-F HMBC NMR spectra o5d in CDCkat T
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Figure $45. 1D 'H and*H TOCSY NMR spectra did in CDCkat T = 303 K.

—_— ———————
0 3.5 .0 2. .0

T T T T T T T T T
0 3.5 3.0 AF_JI .0

T L T T T
0 3.5 3.0)&_—;; .0

— | . — . —

0 3 3.0 2. .0

— . . . —
0 3.5 3.0 2. .0

L ) I

0 3. 3.0 2. .0
) ik
———T— . — —
0 3.5 3.0 2. .0



I I I I T | I I
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
W f”'\‘llll
I | T T T I T I T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2. Ppm
— i, »~
T T T T T T T I I T T I T T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2. rem
.JM_.A " )‘U}jw»«
I | | T I | I r T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3 2. ppm
JU(L . A
T T ] I I T | I I T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2. Ppm

Figure $46. 1D 'H and'H DPFGROE NMR spectra &8 in CDCkat T = 303 K.

S55



5 . u [ | |

> A riase
A B s S B

I T e e
165 160 155 150 145 14OJ135J 130 125 120 115 110 105 100

95 opm
" T i " " T " " " T " " i "
|5O . vr F;O 25 PP
A Il h—A—‘WM—J
T T T T T T T ] T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Figure S47. 1D 'H, *C DEPT and®c{*H} NMR spectra ofsein CDCkat T = 303 K.

S56



ppm

303 K.
S57

n o on o »n o n o ;o o n o n O
<+ N N oo oo @< 9 0 o ©  ©w -~ I~ o
A N I I [ | A P I B I | R | .
| I | I I | | | [ | | |
. | I | I I | | | I | I | I
a | I | I I | | | I | I | I
| I | I I | | i I | I |
| I I I I | I | I | I |
- =% -7~ -7 -7 -~~~ T~ ———T1-—T
I 5 I | I 8! | | | I | I | I
| I | I I | | | I | | |
[ [ I | | | I | I |
[ 13 I I | | | I | I | I
-t - ——-——t+—-——"4—-———F——+t——————fF ——A - === =4 - — === — - —
| I | I I | | | I | I |
| | e | I I | | | I | I |
| I | I I | | | I | I |
| I | I I | | | I | | |
ey v Iy
| 2 18 I I | | | I | I | I
| I | I I | | | I | I |
o3 [ I [ [ [ I [ I I
| I | I I | | | I | I |
1l L __l__ 0 __L__Jd______1__0___L__1
| I | I I | | | I | | |
| I | I I | | | I | I |
| I | I I | | | I | I |
| I | I I | | | I | I |
___s______ 1 & __1__\___r__‘_____rt_______ 1
I I ] I I I | ] I | I |
T I | I | | | | I | I |
| | | I Iy | | | | | I |
| I | I [ | | I | I | I
| I | I I | | | I | I |
it Wil el it Bl e at Rt s Ml ettt Wit et iy
| I | I I | | | I | I |
| I | I I | | | I | I |
| I | I I | | | I | I |
| I | I I | | | I | | |
=t -t -~ A~~~ t - —f -~~~ -~~~ —t——
| I | I I | | | I | I |
| I | I I | | | I | | |
| I | I I | | | I | I |
| I | I I | | | I | I |
ey v Iy
[ I [ [ I [ [ [ I [ [ [
| I | I I | | | I | I |
| I | I I | | Lo | I | I
| I | I I | | | I | | |
Ll L _ o _l______L__d___l___d______L__1
| I | I I | | | ° | I | I
| I | I I | | | I | I |
| I I I I | | | I I I I
| I | I I | | | I | I |
4 __r__ . __r_______r__ 1 ____
I I ] I I I | I I | I |
| I | I I | | | I | I |
| I | I I | | | I | I |
| I | I I | | | I | I |
| I I I I | | | I | I |
A A A et et e St Rt ey H el s B e R I
| I | I I | | | I | I |
| I | I I | | | I | I |
| I | I I | | | I | I |
| I | I I | | | I | I |
-t -t ——4———F -t -t At - -~ —t -
| I I I I | | | I [ [ @ 8
| I | I I | | | I | I . I
| I | I I | | | I | I e
| I | I I | | | I [ | [ Q|
- — - - = A — | —— - — — — — -~} ——
| I | I I | | | I | I |
| I | I I | | | I | [ | [ L
| I | I I | | | I | I 9 e |
| I | I I | | | I | I | I s |
! ! ! ! ! ! ! ! ! ! ! ! ! 1
T T -

Figure $48. 2D *H-'H COSY NMR spectra dein CDCkat T



ppm

i

(@] o o o O o (@] O (@] o o o O o
™ <t T9) o ~ © oy o — N ™ <t T9) )
— — — — — — —
| | | | | L | | | | | | | L
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | |
@ M& | | | | | | | | | | | | |
| , I , I , , I , , I , I
I s Ml St B Bl et o B B Bl e et it Sty
o | I , I , , I , | I , I ,
| | | | | | | | | | | | | |
] | | | | | | | | | | | | | |
© | | | | | | | | | | | | | |
--—--rr---t--tt---—t---1-----+--t--+t-—--—-—=-"—"—-"—-—"—-"F—-—"—+t —— 4 - —
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
-4+ -4 - a4 -——-—-——_-—-t - - - -t - d __J_—_ | —_— — = - =4 - —
e | , I [ I , , I , , I [ I ,
, , I , I , , I , , I , I
o | , I , I , , I , , I , I ,
| | | | | | | | | | | | | |
Ll __L__1l__d__d___l___L__L__1__1
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| [ | | | | | | | | | | | |
R T e
, e P , I , [ I [ , I , I ,
, , I , I , , I , , I , I
, , I , I , , I , , I , I
, , I , I , , I , , I , I
(N e e e Y N
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
-t -+t -——-—"+ -4 - —"—"A-"—"—-"—"—"FF——+t —— 4 = = 7
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
, , I , I , , I , , I , I
, , I , I , , I , , I , I
| VR
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
Ll _d__J___l___L__L 1 __L__L__1__41
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
, , I , I , , I , , I , I
I T T S (O N SO R NS SO AR AN D I R
[ [ [ , I i [ I [ , I [ [
, , I , I , , I , , I , I
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
I s Hetienlie St B Sl it o T T T T T T T T T T T T T
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
I e e At B B B B R e e A Sl o
, , I , I , , I , , 19 I ,
, | I , I , , I , | I , I
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
- — -+ - -4 - — - — - —— - -+ +-—-4-—--—-—----+-—4+—-——4 - — 4
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | 9 | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
) ﬁa mT T T

ppm

303 K.

Figure $49. 2D 'H-"*C HSQC NMR spectra &ein CDCkat T

S58



ppm

ppm

303 K.
S59

(&) O (@] (@] O (@] (@] O (@] (@] (@) (@] (@] (@)
™ < 0 © ~ ) o o — ™~ ™ Sy N )
— — — — — — —
| | | | | | | | | | | | | L
[ [ [ [ [ [ [ [ [ [ [ [ [ [
[ I [ [ I [ [ I [ [ I I [ [
. I [ [ I [ [ I [ [ I I [ [
%ﬁ I [ | I [ [ I | [ I PO
I [ [ I [ [ I [ [ I [ [ |
it s tietie Sl Koty Bttt it mlietietls Ml Bt Rt el et nieills Bty
g | g [ I [ [ I [ [ I I [ |
[ I [ [ I [ [ I [ [ I I [ [
e I [ [ I [ [ I [ i I [ [ [
[ I [ [ I [ [ I [ [ I I [ [
- - -+ - —4-——A-——————F -t ——t——A—— - === —F - =+ — =+ — —
[ I [ [ I [ [ I [ [ I [ [ [
, I [ , I [ [ I [ [ I [ | |
[ I [ [ I [ [ I [ [ I [ [ |
[ I [ [ I [ [ I [ [ I I [ |
T N O A
e | I [ [ I [ [ I [ o 0 [ [ [
[ I [ [ I [ [ I [ [ I I [ [
o | I [ [ I [ [ I [ ] ol I [ [
[ I [ [ I [ [ I [ , I I [ [
Ll 1 __l___L__1__Jd__Jd______L__L__a1__/]
, I | , I | | I | , I | , |
[ I [ [ I [ [ I [ [ I I [ |
[ I [ [ I [ [ I [ [ I I [ [
[ I [ [ I [ [ I [ [ I [ [ [
e e o+ 4 __ 4 _ 0 __v__r__+r__r__‘__\___t__>__1__]
[ [ [ , I i [ I [ , I i [ [
3 | I I | I I | I I g g2 I .
, I [ [ I [ | I [ [ I [ [ [
| I [ [ I [ [ I [ [ I [ [ |
, I [ [ I [ [ I [ [ I I [ |
i it et Bl Hefietind bl et il St St Rl Rl it minlintie Ml
[ I [ [ I [ [ I [ [ I [ [ [
[ I [ [ I [ [ I [ [ I [ [ [
[ I [ [ I [ [ I [ [ I I [ [
[ I [ [ I [ [ I [ [ I I [ [
-t - —4-——A4——————F——f——t——4—— === ——F - — - —+— —
| I [ [ I [ [ I [ [ I [ [ |
[ I [ [ I [ [ I [ [ I [ [ [
[ I [ [ I [ [ I [ [ I I [ [
[ I [ [ I [ [ I [ [ I I [ [
P s v
[ I [ [ I [ [ I [ [ I I [ [
[ I [ [ I [ [ I [ [ I I [ [
, I [ [ I [ [ I [ [ I | [ [
, I [ [ I [ [ I [ [ I [ [ |
Ll L _l__d__ - _L__L__a1__14
, I | , I | , I | [ I I , |
[ I [ [ I [ [ I [ [ I I [ [
[ I [ [ I [ [ I [ [ I [ [ [
[ I [ [ I [ [ I [ [ I I [ [
' __4t__ - ________r____t__________1__ 1
[ I [ , I [ [ [ [ , I [ [ [
, I [ [ I [ [ I [ [ I [ [ |
[ I [ [ I [ [ I [ [ I [ [ |
[ I [ [ I [ [ I [ [ I I [ |
[ I [ [ I [ [ I [ [ I I [ |
It s Mt Ml Kt il it it Mt St Rl il s minlie Ml B
[ I [ [ I [ [ I [ [ I I [ [
[ I [ [ I [ [ I [ [ I I [ [
[ I [ [ I [ [ I | | I [ | ,
[ I [ [ I [ [ I [ [ I [ [ |
I e e e i B e s S Tt Ee e el e My s
[ I [ [ I [ 8 [ [ 168 [ |
[ I [ [ I [ [ I [ [ I I [ [
[ I [ [ I [ [ I [ [ I [ [ [
[ I [ [ I [ [ I [ [ I I [ [
e
[ I [ [ I [ [ I [ [ I [ [ [
[ I [ [ I [ [ I [ [ I [ [ |
, I [ [ I [ . [ [ - [
[ I [ [ I [ [ I [ [ I I [ |
! ! ! ! ! , , | ! ! ! L ! !
T — 1T

Figure S50. 2D *H-*C HMBC NMR spectra ofein CDCkat T
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Figure S53. 1D 'H, *C DEPT and®c{*H} NMR spectra of5f in CDCkat T = 303 K.
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Figure S54. 2D 'H-'H COSY NMR spectra df in CDCkat T
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Figure S56. 2D *H-*C HMBC NMR spectra of in CDCkat T
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Figure S57. 1D 'H and'H TOCSY NMR spectra dif in CDCkat T = 303 K.
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Figure S58. 1D '*H and*H DPFGROE NMR spectra &f in CDCkat T = 303 K.
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Figure S59. 1D 'H, *C DEPT and®*c{*H} NMR spectra of5g in CDCkat T = 303 K.
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Figure S60. 2D *H-'H COSY NMR spectra dig in CDCkat T
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Figure S61. 2D *H-*C HSQC NMR spectra d&fg in CDCkat T
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Figure S62. 2D *H-*C HMBC NMR spectra obg in CDCkat T
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Figure S63. 1D 'H and*H TOCSY NMR spectra dig in CDCkat T = 303 K.
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Figure S64. 1D 'H and'H DPFGROE NMR spectra &fin CDCkat T = 303 K.
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Figure S65. 1D 'H, *C DEPT and®*c{*H} NMR spectra ofsh in CDCkat T = 303 K.
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Figure S66. 2D *H-'H COSY NMR spectra dBh in CDCkat T
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Figure S67. 2D *H-*C HSQC NMR spectra &h in CDCkat T
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Figure S68. 2D *H-*C HMBC NMR spectra obh in CDCkat T
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Figure S69. 1D 'H and*H TOCSY NMR spectra did in CDCkat T = 303 K.
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Figure S75. 2D '*H-*F HETCOR NMR spectra d&i in CDCkat T
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Figure S76. 1D 'H and*H TOCSY NMR spectra di in CDCkat T = 303 K.

S85



3.0 2.5 2.0 1.5 1.0 ppm
M M JL_ -
N R I L A
3.0 2.5 2.0 1.5 140 ppm
- A My M e
T T ] 1 T
3.0 2.5 2.0 1.5 140 ppm
T T T T T
3.0 2.5 2.0 1.5 1.0 ppm
PRRSDY SPPY S ‘ALL
T T [ 1
3.0

Figure S77. 1D 'H and'H DPFGROE NMR spectra & in CDCkat T = 303 K.
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Figure S81. 2D '*H-*C HMBC NMR spectra oj in CDCkat T
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Figure S83. 2D 'H-'*F HMBC NMR spectra oj in CDCkat T
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Figure S86. 2D 'H-*C HSQC NMR spectra dk in CDCkat T
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Figure S88. 2D 'H-"N HMBC NMR spectra o6k in CDCkat T
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S100



m (@) o (@] (@) (@) (@) o (@] (@) (@) (@] o (@] (@) (@)
o, o~ ™ S Ie} 0 ~ 0 &) o — o~ ™ < [I9) )
[oN i — i — — — —
_________ [P IVUOTUTL FOTVOTIN FOTTOTE FAVTTUN FOTOUTTOTY FOTVOTTTRY FOTVOTTIRT FVPOTIRY FOTTTIITIN FUOTVOTION FYOTTOUTIN FETTTOTN FTTTOTI VPN
I | | | | I | | | | I | | |
I I | | | I I | | I I I | |
I I | | I I I | | I I I | |
I I | | I I I | | I I I | |
Fr——rt—-——frt—-——F——F——F——F —— |~~~ |-~ —|—— |-~~~ —+—-—
I I | | | I I | | | I I | |
I I | | | I I | | I I I | |
I I | | I I I | | I I I | |
\\\ﬂfm&?Uv T S N N N RO N N R S S R i
. i - D I | | I I I | | I I I
I | | | | I I | | I I I | |
I @ I I I | | I I I [ I
I 8o I I I | I I I I | 9 I I
F- - e - i el e e ] el B e R e e
¢ ¢ | | | I I | | | I I | |
I I | | I I I | | I I I | |
| | | | I I I | | I I I | |
L L L L L
I I | | | I I | | I I 2 | |
14 Pt | I I | | I I i | |
I I | | | I I | | I I I | |
I I g | I I | | I J I | | I
et el el el et el ol A s A i A A R
I I | | I I I | | I | I | |
& P8 I I I | | I § 9 | | I
I I | | | I I | | | I I | |
T (N S I (N (NN A RN NN DA NN SRR SN
8 e , I | | | vy &8 | | |
I I | | | I I | | I I I | |
I I e | I I | | I I I | | I
@ G | 1 | I I | | I I I | |
S el il ek el il el el et It flid Bl il Bl Bl Al Rt
g @ | | I I I | | i gl gl | |
I | | 4 | I I | | | I I | | I e
I I | | | I I | | I I I | |
L L L Ll __l____d__Jd__J__J__1
I I | | | I I | | I I I | |
I I | | | I I | | I I I | |
I I | | | I I | | I I I | |
I I | | I I I | | I I I | |
it ettt el el el el bl it (i I e A e e e
I I | | | I I | | | I I | |
I I | | | I I | | I I I | |
I I | | | I I | | | I I | |
L L L L Ll _Jd__J__1|
I I | | I I I | | I I I | |
I I | | | I I | | I I I | |
I I | | I I I | | I I I | |
I I | | I I I | | I I I | |
F——r——r— "~~~ T T T T T T A T AT T T T
I I | | | I I | | | I I | |
I I | | I I I | | I I I | |
I I | | | I I | | I I I | |
L L L L Ll _d__J__1
I I | | | I I | | I I I | |
I I | | | I I | | I I I | |
I I | | I I I | | I I I | |
I I | | | | | | | I | | I |
F——r—— =~~~ T T T T T T T T T s T T T
I I | | | I I | | I I I | |
I I | | I I I | | I I I | |
I I | | | I I | | I I I | |
L L L L L Lo ___d__Jd__J__1
I I | | | I I | | I I I | |
I I | | I I I | | I I ? | | I
IHM | | | | I I I | | I I Wﬁ 2! | I
I I | | | I I | | I I | |
it el el el ol el el (e [ A (e At el Bl ot
I | | I I | | I [ | | I
I | | I I | | I I I | |
I | | I I | | I I I | |
| | | | | | | | | | | | |

303 K.

Figure S92. 2D *H-*C HMBC NMR spectra ol in CDCkat T

S101



g L0 o [Te} o e} o [Tg} o To] (@} L0 (@} L0

o, o — — o~ I\ 58] ™ <t < [Ts} Te) &) o

0, — — — — — — — — — — — — —

| - | o | M P o | | A | |

| | | | | | | | | | | | |

| I I I I | I | I | | I |

| I I I I | I | I | I I |

| I I I I | I | I | | I |
r-—4-——-—"\ """ *t-——"I—" -~~~ %- """ —~t—- - - ~-F -t~ —t—-—- T

| I I I | | I | | |

| I I I | | I | | |

| I I I | | I | | |
R I

| I I I | | I | | |

| I I I I | I | I |

| I I I | | I | | |

| I I I | | I | | |
r——a4-—————t—-——1—— - (it Sl Il B e Rl i Ml Il = - -1

| I I I | | I | | |

| I I I | | I | | |

| | I I | | | | | |
L - -t -+ 4 _ -1 L__1___I___1__ 1

| I I | | I | I |

| I I | | I | | |

| I I I | I | | |

| I I | | I | | |
\\\\\\ h s Bl mtitis i h e N

AALJ M
T
\
\
——a
\
\
\
[
{
{
-——=
{
[
I
|
\
\
|
!
\
——a
\
\
\
[
{
{
-—+
{
{
I
[
\
\
=7
\
\
——a
\
\
\
[
{
[
-
[
{
|

|
|
|
|
I
| | | | | =
| |
| | | | | | | | | |
L A ) ) JE—
| | | | | | | | | |
| | | | | | | | | |
| | | | |
| | | | | | | | | |
r- -1 - TT- -7 T~ L A R B e e L
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
L S ) ) JE—
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
r—— 1 - T~~~ | E e B i E e e I
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
A I R ) [
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
I S A R R | E e B e E e e ™= 77
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
[ S I ) R L ) [
|
|
|
|
[
|
|
|
|

ppm

303 K.

Figure S93. 2D *H->N HMBC NMR spectra o8l in CDCkat T
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Figure S96. 2D '*H-*C HSQC NMR spectra &m in CDCkat T
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Figure S98. 2D *H-"N HMBC NMR spectra obm in CDCkat T
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S110



ppm

v o ['s] o n o n o n o 0 o 's]

— ~ ~ %) %) =y < 0 [T] © © ~ o~

| | | | | | | | | | | | |

I I I I I I I I I I I I I

| | | | | | | | | | | | |

| | | | | | | | | | | | |
e S ) U O PR SN U

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
- -4 -4 -] 4+ - =] -t - — - — - — - - — - —

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| [ | | | | | | | | | | |
T T T T TSy T T T T T T T T T T T T T T T T T T T

[ B> | [ [ I & I I I [ I I

| | | | | | | | | | | | |
Lo 00 __l______L______L__Jd___L__T

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
- -—_-—_--t-_——_—_-——_-t - - - - — - —_— — — ] —— - —

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| ] | | | ,@v | | | | | |
- - 7T~ = TT T T I T T T T T T e R e e R R I

| | | | | | | | | | | | |

| | | | | | | | | | | | |
Lol _ 0 __l______Ll______L__Jd___L__1L

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
-t -t - --—-—-t - _-——-— - - _-— - - - — - — - — - - — L

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
r—— """~ —-"—-"~-""--—"~—"*+T-"~-~"~-"/-"—-"—-"*+*t-" """ —-"—-"t- "7~ —-"—-"t- - —-—-r—- -7

| | | | | | | | | | | | |

| | | | | | | | | | | | |
ol __L__J___\__¢L

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
e R | |3 | (A

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
A A s Al A Rl Ay I B e A R

| | | | | | | | | | | | |

| | | | | | | | | | | | |
I I S AU AN I SRS AU SRS SUR i

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
O | O |

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
r——-—-+ -+ - |- "+ - |-+ -"—"—"|-"—"—"+t—-—"——"\{—-"—"—"F—— 70T

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
[ Tt e e e e e By i Bl it Rl ety

| | | | | | | | | | | | |

| | | | | | | | | | | | |
e [ [

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
r— -+ -— -+ - |-t -——-l-—--——-t - = —l-——_-——-t === =-—— = — 0

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | | | | | | | | | | |
At ittt s et ity i Sl et Bttt ety il et

| | | | | | | | | | | | |

| | | | | | | | | | | | |

| | | 1 | | | | | | | | |

ppm

303 K

Figure S102. 2D *H-**C HMBC NMR spectra o6a in DMSO at T
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Figure S106. 2D *H-**C HMBC NMR spectra 06b in DMSO at T
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Figure S107. 1D *H, **C DEPT and>C{*H} NMR spectra of7ain DMSO at T = 303 K.

S116



m n o n o n o n o n o n o n o
0, - N N ™0 ™0 < <t 0 0 © © ~ ~ 0
| | | | l | | | | | l l L
| | | I I | | | | | | |
| | | I I | | | | | | |
. | | I I | | | | | | I I
: | | | w, | | | | | | |
I g — v
Zé | | I I | | [ I | I I I
| | | I I | | | | | | |
| | | I I | | | | | | I
| | I I I | | | | | | I
| | | | I | | | | | | |
e e e e et I i Sy ) Il S E I
| | I I I | | | | | | I
| | I I I | I | | I I I
| I I I I I | | | | | I
I | | I I | I I | I | I
— -7t~ ®% - —r - -4~~~ —-r-—-fT- - -~~~ —r—-—-ft-—-T
| | | | I | | | | | | |
| | | | I | | | | | | |
| | | | I | | | | | | |
| | | | I | | | | | | |
r-—+-———"—-———F-——+—-——4—-——"4-———-———t+——+———4———-——F——+——
| | | | I | | | | | | |
| | | I I | | | | | | |
| | | [ | | | | | | | I
@ | | .Y | | | | | | | I
e T e
[ [ [ [ R | | | | | I I
| , | , B - | | | | | | ,
4 | | | I I el | | | | | | [
| | | I I | | | | | | |
T 1 1
| | | I I | | | | | | |
| | | I I | | | | | | |
| | | I I | | | | | | |
| | | | I | | | | | | |
L 1 __L__ 1 __J___l___L__l__Jd______L__1__1
| | | | I | | | | | | |
| | | I I | | | | | | I
| | | I I | | | | | | |
| | | I I | | | | | | I
L v
| | | I [ | | [ | | | [
| | | | I | | | | | | I
| | | I I | | | | | | |
| | | I I | | | | | | |
| | | | | | | | | | | |
R e e Y Y I
| | | I I | | | | | | I
| | | I I | | | | | | I
| | | I I | | | | | | I
| | I I I | | | | | I I
r—— 71—~~~ r -1 """ T r T T aT T T T T r T T T
| | I I I | | | | | I I
I | I I I | | I I | I I
| | | | I | | | | | | |
| | | | I | | | | | | |
F——t ===t =4 ===~~~ ——F— A~~~ ——f — —
| | | | I | | | | | | |
| | | | I | | | | | | |
| | | I I | | | | | | |
| | | I I | | | | | | |
F——d A== =4 —— A — = — b == F = — A= — = — — b — =+ — —
| | | I I | | | | | | |
| | | I I | | | [ [ [ I [
| | | I I | | | | | | ,mﬂ,
| | | I I | | | | | | |
\\\L\\L\\\T\\r\\#\\L\\\T\\r\\#\\L\\\T\\r\WW\\\l
| | | I I | | | | | | |
| | | I I | | | | | | |
| | | I I | | | | | | |
| | | I I | | | | | | |
| ! | ! | ! ! ! ! ! ! !

ppm

303 K.

Figure S108. 2D *H-'H COSY NMR spectra ofain DMSO at T

S117



ppm

ppm

o o o o o o o o
N <t © © o I <t ©
— — — —

l | | l l | l l

I I , , I I ,

I I [ [ I I [

I I | [ I I ,

1o I [ [ I I [ [
L el L __1_____ [ Ll __ I __ __

| o I | | I I ! ,

I I [ [ I I [

I I [ [ I I [

I I [ | I I [
L - ________1_____ l_____ L1 ____ l_____ __

I I ! [ I I !

I I [ | I I ,

I I [ [ I I [

I I [ [ I I [
I I B L R I o L

I 1 [ ! I I |

I I [ [ I I [

I I [ | I I ,

I I [ [ I I [

I I | [ I I [
T T T T T T T T T [ T

I I [ | I I [

I I [ [ I I [

I I [ | I I [

I L2 | | I I [
L [ T T T T T T T [ 77

I 4 [ [ I I |

I b | | I I |

I I [ [ I I [

I I [ [ I I [
r——————- r————7-—-——~ ImT T = | e Ny - -~ [

I I [ [ I I [

I I [ [ I I |

I I [ [ I I [

I I [ [ I I [
F——————- | s Bl m— === | M — === [

I I [ [ I I [

I I [ [ I I [

I I [ | I I |

I I [ [ I I [
F——1————- el Bl |- = === [l dl ety |————= ==

I I [ | I I |

I I [ [ I I [

I I [ [ I I [

I I [ | I I ,
F=—1=—— == i == === et === — |—— === ==

I I [ [ I I [

I I [ [ I I |

I I [ [ I I [

I I [ [ I I [
F———— === Fmmm— - — — — === == I e |——— == =

I I [ [ I I [

I I [ [ I I [

I I | , I I |

I I [ [ I I [
Fe—lm—— —— e — — — - ——— — e J——— — — [

I I [ [ I I |

I I [ , I I [

| I [ [ I I [

I I [ [ I I [
L - Lo - —— — e [ [

I I [ [ I I [

I I [ | I | e ! ,

I I [ [ I I - [ [

I I [ [ I I % [ [
R T T [F [ [

I I [ [ I I [

I I | [ I I |

I I [ [ I I [

I I [ [ I I [

! | , ! ! ! !

303 K.
S118

T T ﬁ

Figure S109. 2D *H-**C HSQC NMR spectra dfain DMSO at T



Ppm

ppm

o o o o o o o o

[ < © ) o N < ©

— — — —

| | ] | | | | |

| | I | I I I I

| | I | I I I I

I s [ I I I I I I

[ I} I I I I I I
Tre T mee T T I T

| | I | I I I I

| | I | I I I I

| | I I I I I I
N I IR o Y o [

| | I | I I I I

| | I I I I I I

| | I I I I I I

| 4 I | I I I I
R E d 1 o e A I [

| | | | I | | |

I 9 [ I [ [ [ [

| | I I I I I I

| | I I I I I I
Ll o I l_____ Lo

| | [ I i I | I
| | I I I I I I [
| [ I I I I I I [

| | I | | | I I
| & ° o I | | | | I 8/
r— -~ P [ [ R ~— T
| [, I I I I eagpe e | [
| 4 I I I I I Lol

| | I I I I I I

| | I I I I I I
I | [ e [ [

| | I | | | I |

| | I I I I I I

| | I | I I I I

| | I | I I I I
r——1— - | H [ e R [ [

| | I I I I I I

| | I I I I I I

| | I | I I I I

| | | | | | I |
F——1=— === [ == === [ Ay === == [

| | I I I I I I

| | I I I I I I

| | I I I I I I

| | I I I I I I
F——l—-———-- e e |- == == -t == — |—— === -—- T

| | I | I I I I

| | | | | | I I

| | I | I I I I

| | I | I I I I
P = === === -t - ——— - = - -1

| | I I I I I I

| | I I I I I I

| | I I I I I I

| | I | I I I I
e et - — = |m———— et - —— — |- ——— = e

| | I | I I I I

| | I I I I I I

| | I I I I I I

| | I I I I I I
F——l——— — — o4 l————— i - — - —— [

| | I I I I - I I

I ¢ [ I [ I 88 [ [

| | | | I I a I

| | I | I | M o | I
L - _ e - ———_ e I [

| | I I I I I I

| | I I I I I I

| | I I I I I I

| | I I I I I I

| | | | | | | |

303 K.
S119

Figure S110. 2D *H-**C HMBC NMR spectra ofain DMSO at T
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Figure S111. 2D *H-""N HMBC NMR spectra ofain DMSO at T
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Figure S112. 1D *H, *C DEPT and>C{*H} NMR spectra of7g in CDCk at T = 303 K.
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Figure S121. 2D *H-**C HMBC NMR spectra o10c in DMSO at T
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Figure S123. 1D 'H and*H DPFGROE NMR spectra dbc in DMSO at T = 303 K.
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Figure S127. 2D *H-*C HMBC NMR spectra 010d in DMSO at T
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Figure S129. 1D *H and*H DPFGROE NMR spectra dbd in DMSO at T = 303 K.
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Figure S130. 1D *H, **C DEPT and*C{*H} NMR spectra ofl0g in DMSO at T = 303 K.
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Figure S131. 1D *H, **C DEPT and>C{*H} NMR spectra ofL.1b in DMSO at T = 303 K.
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Figure S132. 2D *H-'H COSY NMR spectra af1lb in DMSO at T
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Figure S134. 2D 'H-*C HMBC NMR spectra o11b in DMSO at T
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Figure S135. 1D *H and'H DPFGROE NMR spectra dflb in DMSO at T = 303 K.
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Figure S136. 1D *H, **C DEPT and*C{*H} NMR spectra ofl1c in DMSO at T = 303 K.
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Figure S137. 2D *H-'H COSY NMR spectra aflc in DMSO at T
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Figure S138. 2D *H-1°C HSQC NMR spectra dflcin DMSO at T
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Figure S140. 1D *H and'H TOCSY NMR spectra dflc in DMSO at T = 303 K.
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Figure S143. 2D *H-'H COSY NMR spectra afld in DMSO at T
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Figure S144. 2D *H-"*C HSQC NMR spectra dfld in DMSO at T
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Figure S145. 2D *H-*C HMBC NMR spectra o11d in DMSO at T
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Figure S146. 1D *H and'H TOCSY NMR spectra afld in DMSO at T = 303 K.
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Figure S147. 1D *H and*H DPFGROE NMR spectra dfid in DMSO at T = 303 K.
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Figure S148. 1D *H, *C DEPT and>C{*H} NMR spectra ofl1f in DMSO at T = 303 K.
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Figure S149. 2D 'H-'H COSY NMR spectra of1f in DMSO at T
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Figure S150. 2D *H-*C HSQC NMR spectra dfif in DMSO at T
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Figure S152. 1D *H and'H TOCSY NMR spectra af1f in DMSO at T = 303 K.
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Figure S157. 2D 'H-'*C HMBC NMR spectra oi1gin DMSO at T



Figure S158. 1D *H, **C DEPT,**c{*H} and **F{*H} NMR spectra ofl1i in DMSO at T = 303 K.
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Figure S159. 2D *H-'H COSY NMR spectra afli in DMSO at T
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Figure S160. 2D 'H-*C HSQC NMR spectra dfli in DMSO at T
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Figure S162. 2D *H-"*F HMBC NMR spectra otli in DMSO at T
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Figure S163. 1D 'H and'H DPFGROE NMR spectra dfli in DMSO at T = 303 K.
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